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Preface 
This report originally was submitted to the Illinois Department of Natural Resources and is being provided 
in this format as a service to Long Term Resource Monitoring Program (LTRMP) partners. 
LTRMP interests in the subject matter of this report are embodied in the LTRMP Operating Plan I in 
Strategy 2.2.7, Monitor and Evaluate Selected Macroinvertebrate Populations and Communities. This report 
was developed with funding provided by the former Illinois Department of Conservation (contract number 
PC 955391) which was reorganized into the Illinois Department of Natural Resources effective July 1, 1995. 
Additional support was provided by the Illinois Natural History Survey and the Upper Mississippi River 
System Long Term Resource Monitoring Program, a cooperative effort of the U.S. Army Corps of Engineers, 
National Biological Service, and natural resource agencies of Illinois, Iowa, Minnesota, Missouri, and 
Wisconsin. 
The LTRMP is being implemented by the Environmental Management Technical Center, a U.S. 
Geological Survey science center, in cooperation with the five Upper Mississippi River System (UMRS) States 
of Illinois, Iowa, Minnesota, Missouri, and Wisconsin. The U.S. Army Corps of Engineers provides guidance 
and has overall Program responsibility. The mode of operation and respective roles of the agencies are outlined 
in a 1988 Memorandum of Agreement. 
The UMRS encompasses the commercially navigable reaches of the Upper Mississippi River, as well as 
the Illinois River and navigable portions ofthe Kaskaskia, Black, St. Croix, and Minnesota Rivers. Congress 
has declared the UMRS to be both a nationally significant ecosystem and a nationally significant commercial 
navigation system. The mission of the LTRMP is to provide decision makers with information for maintaining 
the UMRS as a sustainable large river ecosystem given its multiple-use charactec The long-term goals of the 
Program are to understand the system, determine resource trends and effects, develop management alternatives, 
manage information, and develop useful products. . 
IU.S. Fish and Wildlife Servic~. 1993. Operating Plan for the Upper Mississippi River System Long Term Resource Monitoring 
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Use of the term "Reach" 
Tenns are impol1ant, because they detennine our perception ofthe thing that is being described. Use ofthe term "pool" perpetuates 
a miscooception among readers and reviewers outside the upper Mississippi Basin that there is little of the natural river left Readers 
assume that we are talking about "a deep, still place in a stream or river" where the water is standing more than it is flowing. "Pool" is 
oftcn associated with "stagnant". Many readers and reviewers outside the Mississippi Basin have the misconception that the rivcr is a 
polluted barge canal, or a series of large reservoirs. Some reviewers assume the river is altered that nothing about the structurc and 
ftmction ofecosystems could be learned by studying it; i.e. they considered it as man-made as an agricultural field, boat harbor, canal, or 
storage reservoir. Use of the word "pool" for any portion of the Mississippi is misleading, because "pool" commonly refers to small 
bodies ofwater (e.g., "puddles'~. However, the term has been used by the U.S. Army Corps ofEngineers sioce at least the 1930's, when 
the 9-foot cha.nilel and associated navigation darns were constructed. The term "reach" is much more appropriate for the stretch of river 
between navigation darns or between bends in the river; indeed these are two ofthe standard definitions and common usage for "reach". 
''Pool should be a subset of "reach", because navigation dams create ,,~de deep places in the river only part ofthe distance upstream to the 
nex1 dam. In addition, some navigation reaches, such as Reach 15, are swift channels with scarcely any slackwater "pool" at all. 
Following are defiiutions of the two terrris: 
Definitions of Pool and Reach 
Stein, Jess, and Laurence Urdang (eds.). 1971. The Random House dictionary ofthe English language. 
Random House. New York. 2059pp. 
Pool Reach 
1. A small body ofstanding water: pond. 24. A continuous stretch or eX1ent of something: a reach ofwoodland. 
2. A puddle. 25. Also called pound, a level portionofa canal between locks. 
3. Any small collection of liquid on a surface. 28. a straight portion ofa river between two bends. 
4. A still, deep place in a stream. 
Brown, Lesley (ed.). 1993. the new shorter Oxford English dictionary on historical principles. Vol. 2, 
N - Z. Clarendon Press, Oxford. 3801pp. 
Pool Reach 
la. A small body ofstanding or still water, especiallyone of 
natural formation Old English b. A small shallow 
accUUlulation ofany liquid; a puddle. 
2. A deep still place in a river or stream 
4. A tank or other artificially constructed receptacle (to be) 
filled with water for S\\~mming, dhing, ete. 
la. An enclosed stretch of water; a bay. Long obsolete, except in 
/ 
Canadian dialect. b. A portion of a river, channel, or lake between 
two bends; a portion ofa canal between two locks. 
2. General. A continuous stretch, course, or ex1ent in space or time. 
Table of Contents
 
List of Tables : ~ . 
List of Figures . 
List of Appendices : ~ . 
Executive Summary . 
Introduction . 
Methods . 
Study Sites : . 
,..Field Procedures ··.· ···· :.· ·..· .. 
Laboratory Procedures . 
Data Analysis .. 
Species Richness and Abundance·. .. . . 
Recruitment . '" .. . 
Age and Growth . . 
Mortality . 
Zebra Mussels. .. 
Results and Discussion ~ ~ ~ ~ . 
Species Richness and Abundance , . 
Recruitment .. 
Age and Growth . 
Mortality .. 
Zebra Mussels : . 
Management Recommendations . 
Acknowledgments : . 

























































Table .Description Page 
1. Number and percent of the individuals from each mussel species 
collected in Reach 15 ofthe UMR which were aged and weighed 
in 1987 and 1994-95 8 
List of Figures
 
Figure Description	 Page 
1.	 Location and legal description of Upper Mississippi River 
Mussel Refuges established by the state oflllinois in July 1988 3 
2.	 Location of(a) Reach 15 in the Upper Mississippi River and (b) 
three study sites in Reach 15 3 
3.	 Location of Sylvan Slough study site (RM 485.8) in Reach 15 
oftheUpper Mississippi River 5 
4.	 Location of ease-ill study site (RM 488.5) in Reach 15 of the 
Upper Mississippi River. . 5 
5.	 Location ofllliniwek study site (RM 492.4) in Reach 15 of the 





. A Unionid species riclmess and abundance 
B Calculated number of samples .required to 
estimate actual density within specified level (%) 
C Density distributions based on shelllength 
D Density distributions based on shell height. 
E Density distributions based on mussel age..; 
F Unionid mussel recruitment... 
G Commercial species age and growth 
H Zebra mussels (Dreissena polymorpha). 
Pages 
A-I to A-ll 
B-1 to B-5 
; C-1 to C-32 
D:.I to D-17 
E-l to E-14 
F-l to F-4 
G-l to G-27 




Unionidmussels were collected by quadrat 
sampling at three sites in· Reach 15 of the Upper 
Mississippi River between July 1994 and September 1995: 
Sylvan Slough (rivermile (RM) 485.8) within a mussel 
refuge (commercially unharvested since 1988); Case-IH 
(RM 488.5) (commercially harvested); and Illiniwek (RM 
492.4) (commercially harvested). A total of 7,107 
mussels were collected representing 26 species, including 
one federally endangered species (Lampsilis higginsi), two 
state en~gered species (Plethobasus cyphyus and 
Cumberlq.ru]ia monodonta), and one state threatened 
species (Ellipsaria lineolata) . . Illiniwek had the greatest 
mussel diversity and abundance with 25 .species and a 
mean density of lI8.3/m2, followed by Case-IH with 23 
species and 86.7/m2, and Sylvan Slough with 20 species 
and 53.4/m2• Temporal trends in unionid abundance 
(1985-95) reflect significant declffi.es (p ~ 0.001) in 
overall unionid densities as well as densities for individual 
species at both Sylvan Slough, where mean unionid 
density declined from 100.1Im2 in 1985 to 53.4/m2 in 
1994-95 with 6 species showing significant declines, and 
Case-IH "\\Ihere mean unionid density declined from 
139.2/m2 1n 1985 to 89.8/m2 in 1994 with 4 species 
showing significant declines~ The four mussel species 
which dominated our collections were Truncilla truncata 
Ellipsaria lineolata, Quadrula pustulosa, and Amblem~ 
pUcata. Recent recruitment estimates for the ten most 
common species indicate a high degree of variability 
among species and study sites. Some species, such as 
Megalonaias nervosa, exhibited very low recruitment 
densities (0.00 to O.03/m2), while others like Quadrula 
pustulosa exhibited good recruitment densities (3.7 to 
4.3/m2). Temporal trends in recruitment evaluated by 
recent recruitment densities and size-frequency histograms 
demonstrate the unpredictable natUre of unionid 
recruitment; some species (Le., A," plicata and Q. 
pustulosa) were fairly consistent, recruiting young 
individuals to their populations each year, while other 
species (i.e., M. nervosa and Q. metanevra) were more 
sporadic, recruiting young to their populations only once 
or twice within a ten-year period. On average, 
cOn1lllercial mussel species (A. plicata, M. nervosa, Q. 
pustulosa, Q.metanevra, and Q. quadrula) reached sexual 
maturity during their seventh or eighth year, with a range 
from 5 to 12 years of age. The time required for a 
commercial species to reach minimum harvestable size 
ranged from 19 to 24 years; M. nervosa took the longest, 
requiring 24 years to reach a shell height of 101.60 mm 
(4 inch), A. pUcata required 21 years to reach a shell ,. 
height of 69.85 mm (2.75 inch), and the three Quadrula 
species required 19 to 21 years to reach a shell height of 
63.5 mm (2.5 inch). 
We believe the current mussel refuges only exist 
on paper and subsequently do not provide the ·services for 
which they were intended. Our studies in Reach 15 
suggest illegal harve.st has occurred in the Sylvan Slough· 
refuge, since all commercial species collected within the 
refuge demonstrate a truncated size distribution at the 
minimum commercial size limit, a characteristic of 
harvested areas. In fact, individuals have been prosecuted 
for harvesting mussels in Sylvan Slough and other UMR 
mussel refuges. 
Zebra mussels (Dreissena polymorpha) were first 
estab~ished in Reach 15 during late 1991 or early 1992, 
but did not become abundant until 1995. Mean density at 
Illiniwek increased exponentially from less than 11m2 in 
July 1994 to 2,519/m2 in July 1995. Similarly, zebra 
mussel infestation (% unionids with 1 or more zebra 
mussels) at Illiniwek increased significantly from 1% in 
July 1994 to 48% in September 1995. Mean and 
maximum degree of infestation increased from 
O.OO/unionid and 2/unionid in July 1994 to 2.3/unionid 
and 37/unionid in September 1995. Length-frequency 
histograms indicate that at least one and possibly two 
zebra mussel recruitment events occurred in Reach 15· 
during 1994 and 1995. These histograms also indicate 
that. zebra mussels which settle in Reach 15 during May 
or June can reach 15- to 20-mm in length by the end of 
their first growing season (October). Although rapid 
increases in zebra mussel densities and infestation of 
unionids represent an alarming trend, we did not observe 
any negative zebra mussel effects on the Reach 15 unionid 
populations (Le., increased mortality, siphon occlusion, 
etc.) during the current study. However, based on past 
experience in the Illinois River, we predict that by 1996 . 
or 1997 unionid mussels in Reach 15 of the UMR will 
experience significantly greater infestations by zebra 
mussels and will subsequently suffer reduced fitness and . 
increased mortality. 
Management recommendations conceming the 
protection of mussel populations in Reach 15 and 
throughout the Upper Mississippi River (UMR) include: 
(1) closing the commercial harvest of live Megalonaias 
nervosa, (2) establishing entire reaches of the UMR as 
mussel refuges, (3) developing population models to guide . 
and assist the management of mussels, and (4) monitoring 
zebra mussel densities and impacts in the Mississippi 
River. 
buyers reports. The UMR states have yet to establish Introduction 
uniform regulations to govern commercial mussel harvest. 
Unionid mussels are Gonsidered among the most 
endangered faunal groups inhabiting the. United States 
(Shannon et al. 1993; Neves 1993). Fifty-one species of 
mussels occurred historically in the Upper Mississippi 
River (UMR)--a substantial portion (17 %) of the 297 taxa 
of freshwater mussels found in North America (Turgeon 
et al. 1988); In the UMR there are currently 18 mussel 
species listed as threatened or endangered including three 
federally endangered mussel species, Lampsilis higginsi, 
Potamilas capax, and Quadrula fragosa (Page et al. 
1991). Mussel populations in the UMR have been subject 
to a number of stresses, including (1) heavy commercial 
harvestirlg formerly for the production of pearl buttons 
and more recently to supply raw shell for the Japanese 
cultured pearl industry, (2) pollution from both urban 
centers and nonpoint sources, and (3) modification of the 
river for navigation (Sparks and Blodgett 1983; Sparks 
and Blodgett 1988). Between 1982 and 1986 massive die­
offs of mussels occurred· in the UMR (Neves 1987, 
Blodgett and Sparks 1987 a, b). Although the die-offs 
were investigated, the causes were never identified 
(Sparks et al. 1990). 
In response to the widespread mussel dieoffs and 
increasing commercial harvest, the Illinois Department of 
Conservation designated seven areas in the Illinois portion 
of the Mississippi River as mussel refuges in July 1988 
(Figure 1). The primary objectives of these refuges were 
to (1) protect endangered or threatened mussels, (2) 
provide a· seed source to repopulate other areas, and (3) 
serve as unharvested reference areas for comparison with 
harvested areas. If populations in the harvested ~reas 
declined while those in the refuges maintained themselves 
or increased, then more stringent harvest regulations 
might be indicated. If populations in both areas declined 
. then other factors should be investigated, such as poo; 
water or sediment quality, parasites, disease, or declines 
in the fishes that host and disperse the. glochidia (larvae) 
of the mussels. 
Critical information concerning the life-history 
parameters and population dynamics offreshwater mussels 
is often lacking and desperately needed for the sound 
management and conservation of this resource. The need 
is especially crucial for commercially harvested species. 
Current regulations governing the. commercial mussel 
harvest (e.g., legal species, minimum shell size or 
season) are based on inadequate scientific informatio; and 
typicall~ reflect preferences of the shelling industry (Thiel 
and Fntz 1993). Monitoring and evaluation of the 
... resource throughout the UMR rely heavily on annual shell . 
The current system which regulates and monitors 
commercial mussel harvest in the UMR is antiquated, 
based on inadequate scientific information, and in 
desperate need of review and reform. It is especially 
important to reevaluate current mussel regulations and 
conservation strategies now that zebra mussels have been 
found in the Mississippi River. The U.S. Fish and 
Wildlife Service has predicted 20 species of mussels in 
North America will become extinct over the next few 
years as a result of the zebra mussel invasion (Biggins 
1992). Many difficult management decisions will likely 
be made in the coming years in attempts to preserve and 
protect the remaining mussel resource. Without reliable 
scientific information, management decisions may be 
ineffective or even cause further harm to mussel 
populations. 
The objectives of the comprehen~ive evaluation 
of Reach 15 mussel beds were to assess the status of 
harvested and unharvested (refuge) mussel beds by 
evaluating. the following parameters: (1) species 
abundance and richness, (2) recruitment, (3) age and 
~rowth,{4) ~ortality, and (5) status and impacts of newly 
mtroduc,ed zebra mussels. Long-term population trends 
were evaluated by comparison of results with those from 
previous scientific mussel surveys conducted in Reach 15. 
Methods 
Study Sites 
During 1994 and 1995, we quantitatively sampled 
three mussel beds in Reach 15 of the UMR near Moline 
Illinois (Figure 2). One mussel bed, Sylvan Slough 
(rivennile [RM] 485.8), was located within a mussel 
refuge established in 1988; harvesting mussels in the 
refuge is illegal. TwO mussel beds, Case-IH (RM 488.5) 
and Illiniwek (RM 492.4), are known to be commercially 
harvested (Figure 2). A more detailed description and 
location of each study site follows. 
(1) Sylvan Slough (RM 485.8): (Figure 3) - This site 
was chosen as .areference or unharvested site. It was 
designated as one of the seven mussel refuges in July 
1988 (Figure U. Quantitative mussel collections were 
~de. at this site during 1983, 1985, and 1987 by the 
IllinOIS Natural History Survey (Sparks and Blodgett 
1983, Blodgett and Sparks 1987a and 1987b). These 
previous spiveysreported an abundant mussels population 
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(b) Legal Description 
1.) All ofthe area directly above Lock and Dam 12 (RM 556.7) from the 
center of the navigation channel east to the llIinois shoreline and 
northward toa line extending from RM 558,4 to the Blanding's 
Landing boat ramp, including but not limited to all of the area 
contained within the designated U.S. Military Reservation area. 
2.) All of the waters contained within Sylvan Slough from the Interstate 
74 highway bridge (RM 485.8) west to the lower tip ofArsenal Island 
(RM 482.6). ' 
3.) All of the area north of the center of the navigation channel to the 
Illinois shoreline lying between RM 433.0 (New Boston Boat 
Launching Ramp) to RM 433.8. 
4.) Pontoosuc Bay contained within and described as that area from the 
center of the main navigation channel and the Illinois shoreline 
located between RM 388.7 and RM 390.0. 
5.) All of the area' east of the center of the navigation channel to the 
Illinois shoreline from the mouth of the Des Moines River (RM 
361.4) to the U.S. Route 136 bridge (RM 364.0). 
6.) All of the area east of the center of navigation channel to ,the Illinois 
shoreline between RM 314.0 and RM 316.0 located upstream of 
Hannibal, Missouri. 
7.) All of the area east of the center of navigation channel to the Illinois 
shoreline between River Mile 238.4 (Hasting's Landing) and RM 
240.8 (West Point Landing boat ramp). 
Figure 1. Upper Mississippi River mussel refuges (a) geographical location and (b) legal description. 








Lock and Dam 15 
Rock Island 
lllinois 





Figure 2.	 Location of(a) Reach 15 in the Upper 
Mississippi River (UMR) and (b) Missouri 
enlarged view of Reach 15 to show 
study sites where quantitative mussel 
samples were collected, 1994-95. 
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with a rich species assemblage including the federally 
endangered Lampsilis higginsi. 
During the present survey quantitative samples 
were collected on three separate occasions at the upriver 
end of Sylvan Slough between the Interstate-74 highway 
bridge and the upriver tip of Arsenal Island (Figure 3, 
Table A-I). The location for each collection period 
differed slightly to prevent sampling on the same spot 
more than once. Substrate consisted primarily of sand/silt 
with small rock cobble and water depths ranged from 2 to 
4 m (6 to 10 ft). During our sample collections we noted 
extensive use of this area by recreation watercraft; on 
weekends as many as fifteen boats were observed floating 
or anchored within this small area of Sylvan Slough. 
(2) case-m (RM 488.5) : (Figure 4) • This site was 
chosen as a commercially harvested bed. Interviews with 
commercial musselors indicated this bed had been 
extensively harvested in the 1970's but has received only 
occasional commercial pressure in the past ten years. We 
observed two commercial mussel boats operating in this 
area during our summer 1994 collections. Quantitative 
mussel collections were made at this site in 1985 and 
1987 by the INHS (Blodgett and Sparks 1987a and 
1987b). These previous surveys reported mussels 
exceptionally abundant, the number of species 
. exceptionally rich, and the federally endangered Lampsilis 
higginsi present. 
Quantitative samples were collected at this site in 
July and August 1994 (Table A-I). The collection area 
was adjacent to the main channel and 150 m out from the 
Illinois shoreline. Triangulation to the site was 
accomplished using a cement piling, boat ramp, and 
cement water tower (Case-IH logo on side). The site was 
located on a straight line between the· boat ramp and 
middle cement piling and directly out from the cement 
water tower. The substrate consisted of extensive areas 
of bedrock with intermittent areas of sand and rock 
cobble. Water depths within the sampling area ranged 
from 4 to 6 m (12 to 20 ft.). 
(3) IJIiniwek: RM 492.4 (Figure 5) - This site was also 
chosen as a commercially harvested bed. According to 
local musselors, this particular area (1) had been one of 
the more productive beds in Reach 15 in the late 1960's 
and early 1970's, but was depleted of commercial-size 
shells during the late 1970's or early 1980's, (2) was no 
longer of commercial importance and most experienced 
musselors had moved on to more profitable beds, and (3) 
occasional inexperienced musselors had been observed 
working this area periodically in the past ten years. To 
our knowledge, this site has not been scientifically 
delineated or quantitatively sampled previously. 
Quantitative samples were collected on four 
occasions: June and August of 1994 and June and 
September of 1995. In addition, 415 mussels were 
collected qualitatively at this site on 1 December 1994 for 
use in sediment toxicity tests (Stoekel et aJ. 1996). The 
collection area was located approximately 1 rivermile 
downriver from Lock and Dam 14 and from 30 to 50 m 
offshore from Illiniwek State Park. Substrate was fairly 
uniform, consisting primarily of sand with occasional 
small rock cobble. Water depths ranged from 2 to 3 m (5 
to 9 feet). 
Field procedures 
During four sampling periods between July 1994 
and September 1995 we collected from 72 to 116 
quantitative samples representing a total surface area of 18 
to 34 m2 at each of the three sites in Reach 15 (Table A­
I). Quantitative samples were collected using procedures 
normally employed by the INHS River Research Lab 
(Sparks and Blodgett 1983, Blodgett and Sparks 1987a & 
1987b). Biologists using surface supplied diving 
techniques removed all material from within 0.25-m2 or 
1-m2 metal frames to a depth of 18 cm. Quantitative 
samples were collected by either the transect method, 
where the diver places a metal frame at 5-m intervals 
along a lOO-m transect line anchored to the substrate, or 
by random placement, where the diver places a metal 
frame at random intervals while moving upriver. Samples 
were sent to the surface in separate nylon mesh bags and 
rinsed with river water through a series of four sieve trays 
(mesh apertures of 20, 10, 5, .and 2 mm). Material 
retained by each tray was carefully examined to remove 
live and recently dead mussels. Mussels were classified 
as recently dead using the following criteria: (1) if soft 
parts were present, unable to close valves when prodded; 
(2) if soft parts were absent, the periostracum was intact, 
valves were firmly joined by the. hinge ligament, and the 
interior nacre was shiny and not the least bit chalky. Live 
and recently dead mussels were identified to species 
(Cummings and Mayer 1992) and morphological shell 
measurements of length, width, and height (Stansbery 
1961) were recorded to the nearest 0.01 mm using digital 
calipers. Most of the mussels collected were returned to 
the river; however, a subsample of at least 30 individuals 
of the most common species was retained and frozen for 
further analysis. Zebra mussels attached to unionids were 
indi;.:idually counted and measured (shell length). 
4
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Figure 3. Location ofSylvan Slough study site (RM 485.8) in
 
Reach 15 ofthe Upper Mississippi River.
 
W-.-E 
Figure 4. Location of Case-IH study site (RM 488.5) in . 
Reach 15 of the Upper Mississippi River. 
W'.'ES 
Lock and Dam 14 
Figure 5.	 Location ofIlliniwek study site (RM 492.4) in 
Reach 15 oftoo Upper Mississippi River. 
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LaboraJory procedures 
Laboratory processing included bo,th weight and 
age determination of individual mussels from selected 
species (Table 1). Frozen mussels were rinsed in warm 
water to remove ice from the exterior of the shell then 
weighed to the nearest 0.01 g (live weight). Next the 
mussel was forced open with a scalpel and soft tissue was 
removed; we determined wet weights for both tissue and 
shell. They were dried at 105°C to a constant weight and 
re-weighed to determine dry weights. Shells will be 
archived in lllinois Natural History Survey's mussel 
collection at the University of Illinois 
Urbana/Champaign. 
The estimated age of an individual mussel was 
determined by counting growth bands on the external 
surface of the shell (Chamberlain 1931, Stansbery 1961) 
and within thin radial cross sections of the shell and hinge 
ligament (McCuaig and Green 1983, Neves and Moyer 
1988). In 1994, from 10% to 30% of each of the­
following commercially harvested species were aged using 
both techniques: Amblema plicata, Megalonaias nervosa, 
Quadrula pusrulosa, Quadrula quadrula, and Quadrula 
metanevra. The two methods of age analysis yielded 
comparable results (± 1 year); however, preparation of 
thin radial cross sections was very time consuming, 
r~uiring from 20 to 30 minutes per mussel compared 
\I,'ith I to 2 minutes per mussel for external counts. 
Therefore, only external ring counts were used to age 
mussels collected in 1995. 
The age at which an individual mussel became 
sexually mature was estimated by recording the 'age at 
which a marked decrease in distance between external 
growth bands occurred on the external shell surface of 
adult mussels (Stansbery 1961, Stein 1973). This 
technique was performed after shells and tissue had been 
separated and dried, therefore, we were unable to validate 
this method by examination of the gonads for maturity' 
and ripeness. The age of sexual maturity was determined 
from a subsample of randomly selected shells of adult 
mussels of the five commercial species, A. pUcara 
(n=78), M. nervosa (n=29), Q. metanevra (n=12), Q. 
pusrulosa (n=38), and Q. quadrula (i1=28). The mean, 
standard deviation, and range of sexual maturity age(s) 
were calculated for each species. 
Data Analysis 
Data recorded in the field and laboratory during 
1994-95 was analyzed in accordance with the five primary 
objectives qf the study: (1) species abundance and 
'richness, (2) recruitment, (3) age' and growth,' (4) 
mortality, (5) status and impacts of newly Introduced 
zebra mussels. In addition to the information collected in ' 
the present surVey, we also analyzed data collected from 
three previous quantitative surveys at the Sylvan Slough 
and Case-IH sites' (Sparks 'and Blodgett 1983, Blodgett 
and Sparks 1987a and 1987b) to identify temporal trends 
in these mussel populations. We also reviewed two 
mussel survey reports from Sylvan Slough conducted by 
private consultants within the past decade (Stanley 
Consultants, Inc. 1993, Cawley 1989). Annual 
commercial harvest reports from lllinois, since 1963 
(Fritz 1988, Williamson 1995) and Iowa since 1984 
(Ackerman and DeCook 1995) were used to evaluate the 
effects of long-term commercial harvest on mussel 
populations in Reach 15. 
Species richness and abundance 
Species richness was determined by tabulating the 
total number of species collected from quantitative 
sampling at each of the study sites. Abundance, typically 
referred to as density (number of individuals/m2), was 
determined for each quantitative sample; data from all 
quantitative samples collected at each site from July 1994 
through September 1995, were averaged to determine 
overall unionid and species specific density means. 
Statistical comparison of density means among and within 
the three study sites was conducted using an extended t­
test designed for comparisons of means. obtained from 
unequal sample sizes. Statistically significant difference 
between means was determined at the p ~ 0.05 level. 
Mean densities were used to classify each unionid 
species as very' abundant (> 20.01lm~, abundant 
(10.01 to 20. OO/m2) , common (1.01 to 10.00/m~, 
uncommon (0.34 to l.OO/m2), or rare « 0.33/m2) 
. (Table A-5). This arbitrary classification system was 
designed specifically for. Reach 15 mussel populations to 
categorize species with similar abun~ce; it mayor may 
not apply to other reaches of the Mississippi River. 
Using a technique described in Green (1979) we 
computed the number of samples required to estimate 
unionid density within 10%, 20%, 30%, 40%,and 50 % 
of the actual density with a 0.05% probability of being 
incorrect using the following equation: n = [(2SD) + 
(xMW, where, n = number of samples required, SD = 
standard deviation, x = desired .level of accuracy (Le., 
10% = 0.1), and M = mean unionid density based on 
samples collected ' 
Density distributions based on mussel age, shell 
length, and shell height were used to evaluate spatial and 
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temporal trends in mussel populations among and within 
the Reach 15 study sites. Density distributions combine 
both mean density (no./m~ and frequency distributions for 
a species within each study site (i.e., % of population by 
age or 5-mm size intervals). For eXllmple, the mean 
density for A. plicata at Illiniwek (RM 492.4) was 
1O.34/m2 and the percent of mussels within the 60-~ 
shell length interval (55.01 to 60.00 mm) was 14.6%; 
therefore,' the calculated density of this size interval is 
10.34/m2 X 0.146 = 1.511m2• Density distributions were 
presented as histograms and in tabular format, the latter 
allowing one to calculate the mean density of a specific 
age group or size range by summing the mean densities of 
all mussels within the desired group or range. 
Recruitment 
We evaluated recent recruitment for ten of the 
more common mussel species we collected in Reach 15 
during 1994-95 (Appendix F). The size criteria to define 
a recent recruit was species specific and typically 
represented mussels less than three years of age. For 
most species, individuals less than 30-mm in length 
constituted recent recruitment. However, the size was 
reduced for small, short-liVed species such as Truncilla 
truncata « 15 mm), Obliquaria reflexa « 15 mm), and 
T. donacijonnis « lOmm). Length-frequency and 
density tables were used to determine the percentage (%) 
and density (no./m~of recent recruits within the 
population at each study site and for each year sampled 
(i.e, Sylvan Slough 1983, 1985, 1987, and 1994-95) to 
evaluate recruitment patterns over the past decade. 
Age and Growth 
The relationshipbetween mussel age and growth 
was- evaluated using regression plots and regression 
formulas. Therefore, it is crucial that the reader have a 
basic understanding of these two techniques. We offer 
the following brief explanations: 
Regression plots are used to determine the degree of 
relationship between the independent (X) and 
dependent (Y) variables. Regression plots 
attempt to fit a line to a series of data having 
specific X, Y coordinates. The more closely the 
data points fall along the line. the better the 
relationship. The proportion (or percentage) of 
the total variation in Y that is explained or 
accounted for by the fitted regression is termed 
the coejficiem of determination, r, which may 
be thought of as a measure of the strength of the 
relationship. 
Regression Connulas are mathematical equations which 
describe the relationship between the X and Y 
variables by evaluating the regression coefficient 
or slope (b) and the y-intercept (a) of the best fit 
regression line (Zar 1984). Knowing the 
parameter estimates of a and b for the regressiori 
equation, one can calculate the value of Y 
(dependent variable) at a stated value of X 
(independent variable). The closer the r value 
is to 1 the less variability there is in the data and 
therefore the more reliable the estimate of Y. 
The species and number of individual mussels 
used in growth analysis were limited to those which we 
had aged or weighed in 1987 and 1994-95 (Table 1). No 
distinction was made regarding, collection location (study 
sites); rather, growth analysis was based on composite 
mussel samples from all Reach 15 study sites. We used 
a stepwise procedure (Zar 1984) in selecting the 
regression formula which consistently provided the best fit 
(i.e., highest r) for mussel growth data. 
Age-size relationships were best .described by 3,d 
order polynomial regression formulas (y = a + b,x + 
b2x2 + b3x3). Mean shell measurements of each of the 
five commercial species (Appendix G, Part II) served as 
the dependent variables and mussel age as the independent 
variable in growth curves (regression plots) ..,Regression 
formulas were used to calculate shell size (i.e., length, 
width, and height) at ages from 1 to 30 years. By 
switching the variables we derived regression formulas for 
each of the five commercial species to calculate age for a 
given shell length or shell height. Formulas baSed on 
shell length and age were used to calculate the age of all 
mussels which had not been aged. 
Size-weight relationships were best described by 
power regression formulas (y = axb). Live and dry shell ' 
weights of individual mussels served as the dependent 
variables, and shell length and height as the independent 
variables in growth curves. Regression formulas were 
used to calculate live weight and dry shell weight given 
either shell length or height. 
Mussel age-frequency histograms were 
constructed for five commercial species, A. plicata, M. ' 
nervosa, Q.quadrula, Q. metanevra, Q; pustulosa, and 
two non conunercial species, E. lineolala and O. reflew. 
These histograms represented all individuals regardless of 
whether their ages had been determined from counting 













Amblemaplicata 377 100 137 20.2 167 24.7 
Megalonaias nervosa 131 100 79 36.9 98 45.8 
Quadrula quadrula 54 100 33 21.6 57 37.3 
Quadrula metanevra 78 100 12 7.3 32 19.4 
Quadrula pustulosa 714 100 146 10.9 210 15.7 
Ellipsaria lineolata 310 100 106 6.6 
Obliquaria rejlexa 153 100 86 14.9 
Table 1. Nwnber and percent of the individuals from each mussel species collected inReach 15 of the UMR which were 
aged and weighed in 1987 and 1994-95. 
polynomial regression equations (calculated). In 1987, all 
mussels were aged, therefore these histograms represent 
only estimated ages. In 1994-95, only from 7.3% to 
36.9% of the individuals from each species were aged 
(Table 1), therefore these histograms consist primarily of 
mussels with calculated ages. Ellipsaria lineolata and O. 
refle.xa were not aged in the 'current study, instead we 
used 1987 regression formulas to calculate their ages 
based on observed shell lengths. 
Monaliry 
Mortality estimates were based on the percentage 
of recently dead mussels in our quantitative samples. 
Some researchers contend this method results in 
overestimation due to the misidentification of old dead 
shells as recent!y dt'lad. In the present survey, we used 
the same method and definition we used in 1983, 1985, 
and 1987; thereby at least allowing comparisons among 
mussel surveys conducted by the INHS in the past decade. 
We have also conducted field trials to validate this method 
in the Illinois River: these data indicate our assessment of 
mortality is conservative and actual mortality rates are 
likely higher (INHS, unpublished data). This is due to 
the rapid discoloration, breakdown of nacre, and 
separation oflhe hinge ligament which often resulted in a 
mussel being identified as old dead when it had died 
within the past three months. 
Zebra Mussels 
Mean zebra mussel densities (by site and date) 
were detennined from either the same quantitative 
samples from which unionids were colleCted (July and 
August 1994) or from a separate set of samples in which 
only zebra mussels were counted (July 1995) (Table H-1). 
Length-frequency histograms of zebra mussels collected 
at the Illiniwek site (RM 492.4) on five dates between 
July 1994 and September 1995 were used to evaluate 
population size structure and recruitment events. 
Zebra mussel infestation of Unionid mussels was 
reported as % Infestation (the number of unionids with 
one or more attached zebra mussels) and Degree of 
Infestation (the number of zebra mussels attached to an 
individual unionid). The degree of infestation of all 
unionids on each sample date was used to .calculate a 
mean, standard deviation, and range· for each study site 
and unionid species. 
Results and Discussion 
Species Richness and Abundance 
From July 1994 through September 1995 we 
collected a total of 7,107 native mussels representing 
twenty-sixspeeies from the three study sites in Reach 15 
(Table A-3 and A~4). Illiniwek had the most species (25) 
foilowed by Case-IH (23) and Sylvan Slough (20) (Table 
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COHectoo at one or more ot the three sites: the federally density at Sylvan Slough and between 30%-40% at Case­
endangered Lampsilis higginsi (Higgins eye), the state IH (Table B-1). We also applied this technique (Green 
endangered Plethobasus 'cyphyus (Sheepnose) and 1979) to density estimates for individual species (Tables 
Cumberlandia monodonra (Spectacle case), and the state F-2 to F-4). Density estimates for abundant species at 
threatened Ellipsaria lineolata (Butterfly) (Table A-6). each site were the only ones which had a 95 %probability , 
The three most abundant species in Reach 15 
were Truncilla truneata (Deertoe), Ellipsaria liTleolata 
(Butterfly), and Quadrula pustulosa (Pimpleback). In 
combination, these three species constituted 53 % to 73 % 
of theunionid populations at the three study sites (Table 
A-6). Amblema pUeata (Threeridge) ranked seventh in 
overall abundance at Sylvan Slough (3.3/m2; 6.0%),third 
at Case-IH (14.0/m2; 15.6 %), and fourth at Illiniwek 
(1O.3/m2; 8.6 %)~ Megalonaias nervosa (Washboard) 
ranked between sixth and eighth in overall abundance and 
only accounted for 2-4 % of the unionids collected at 
Reach 15 .sites between 1994 and 1995. 
Mean unionid densities at the ~ee sites sampled 
in the 1994-95 survey increased significantly (p ~ 0.001) 
in the upriver direction (i.e., Sylvan Slough (53.4/m2) < 
Case-IH (86.71m2) < Illiniwek (l18.3/m2» (Table A-12). 
This is likely attributable to the similar trend in mean 
densities of three, of the more abundant species, E. 
lineolata, T. truneata, and A. pUcata (Table A-7). Only 
two species, Quadrula metanevra (Monkeyface) and 
Truneilla donaeifonnis (Fawnsfoot), had densities which 
increased significantly in the· downriver direction 
(Illiniwek < Case-IH < Sylvan Slough). 
Temporal trends in unionid abundance reflect a 
significant decline (p ~ 0.001) in mean unionid density 
at both Sylvan Slough (refuge) and Case~IH (harvested) 
over the past decade (Table A-12). Between 1985 and 
1995, six mussel species (A. plicata, M. nervosa, 
Leptodea fragilis, Potamilus alatus, Potamilus ohiensis, 
and U. imbecillis) showed statistically significant declines 
(p. < 0.(01) in mean densities at the Sylvan Slough site 
(Table A-9). During the same time period, four species 
(L. fragilis, P. alatus, T. truncata, and T. donacifonnis) 
declined (p ~ 0.01) at the Case-IH site (Table A-Il). 
No species showed a significant incr.ease at either of the 
two sites. 
Mean overall unionid density at IIliniwek (98 
samples, Il8.3/mZJ and Sylvan Slough (116 samples, 
53.4/mZJ were likely (p = 0.05) within 10% of their 
actual densities (Table B-1) based on the statistical 
technique described by Green (1979). Greater sample 
variance and fewer samples at Case-IH (72 samples, 
86.7/mZJ resulted in an estimate within 15 % of the actual 
density. Although fewer samples were collected during 
quantitative sampling in Reach 15 during 1983 and 1987, 
of being within 20%-30% of their actual densities (Tables 
B-2 to B-4). To estimate the uncommon or rare species ' 
with the same level of precision would require an 
unreasonably large number of ,samples (i.e., 1,000 to 
61,000 samples). 
Density histograms based on shell height for all 
commercial mussel species collected over the past decade 
at Reach IS sites exhibit a truncated distribution pattern 
which coincides with the minimum commercial size litnit 
(Appendix D). Possible explanations for this trend are: 
(1) shortly after reaching the tninimum size litnit all 
comm~rcial mussel species experience a period of near 
complete mortality, (2) the minimum size litnit' is at or 
near the maximum achievable, size for commercial 'species 
in Reach IS, or (3) commercial musselors are extremely 
efficient at removing adult mussels from the population 
once they reach the minimum size litnit. Our·datafrom 
Reach 15 mussel populations over the last decade indicate 
that the latter is· the most likely explanation for the 
truncated distributions. F,or example, at Sylvan Slough in 
1983 and 1985 (Figure D-5) and at Case-IH in 1987 
(figure D-10) there were relatively large cohorts of adult 
A. pUcata in the 60- to'70-mm size intervals, just below 
the tninimum commercial size litnit. Within 2 to 4 years 
these apparently strong cohorts were tnissing or not 
evident from the population as they were not identifiable 
in subsequent histograms. The disappearance· of these 
cohorts probably occurred within a few years after they 
grew beyond the minimum commercial size litnit. Sylvan 
Slough was designated a mussel refuge in 1988; and yet 
seven years later (l995) the distribution patterns of the 
primary commercial species remain truncated at the 
tninimum size limit similar to harvested beds, suggesting 
that illegal harvest occurred within this refuge. In fact, 
individuals have been prosecuted for illegally harvesting 
mussels in the Sylvan Slough refuge (Scott Wright, IDNR 
Conservation Warden, personal communication) 
The 1994-95 densities of commercial mussels 
with heights greater than the minimum' size litnit (legal­
size) is extremely low at all three Reach 15 sites 
(Appendix C). The mean density of legal-size A. pUeata .' 
ranged from a low of O.24/m2 at Sylvan Slough to a high 
of 1.12/m2 at Case-IH (Table D-1). Based on these 
density estimates there are from 2,.424 (Sylvan Slough) to 
,~l ,314 (Illiniwek) legal-size A. plicatalhectare (970 to 
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4,526/acre) (Table G-8). There are even fewer legal-size to ascertain long-term trends in recruitment. For 
M. nervosa, with densities from O.06/m2 to a.24/m2 or example, most mussel species typically showed a modal 
606 (Case-IH) to 2,424 (IIIiniwek) legal-size mussels per age distribution produced by years of signifu:ant 
hectare (242 to 970/acre) (Table G-8). recruitment (strong cohorts) and years with' poor 
recruitment andlor survival (weak cohort). Two mussel 
Recruitment species, M. nervosa and A. plicata, which show very 
different recruitment patterns are discl,lssed in greater 
Recent recruitment estimates from the ten species detail. 
we evaluated in 1994-95 indicate a high degree of 
variability among species and study sites (Table F-1). (1) M. ;zervosa exhibited relatively low densities of recent 
. Mean. density of recent recruits ranged from a low of 
a.O~/ml (M: nervosa) to a high of 3. 97Iml (Q. pustulosa). 
recruits (~ 1.0/ml ) inmost quantitative surveys 
conducted by INHS in Reach 15 in the last ten 
Densities 'of recent recruits were similar among sites for years (1985-1995) (Tables F-1 to F-3). Density 
six mussel species (A. plicata, M. nervosa, Q. metanevra, distributions based on age and shell length from 
Q. pustulosa, Q. quadrula, and O. rejlexa). The 1994-95, show few young (age ~ 7 yearS) 
remaining four species (E. lineolata, L. fragilis, T. (Figures E-1, E-3, and E-5) or small mussels 
truncata, and T. donaciformis) showed· si'gnificant (shell length ~ 85mrn) (Figure C-2). In fact, 
differences in recruitment among sites; for example, the the last significant recruitment by M. nervosa at 
density of recently recruited E. lineolata was significantly our sites probably occurred in 1984-85 and can 
greater at IIliniwek (3.34/ml ) than at the two other sites be identified in nearly all density distributions 
(Case-IH = a.56/m2 and Sylvan Slough = a.65/m2) (age, length, and height) sinc.e 1987; for 
(Table F-l); Species with the highest mean recruitment example, the density distribution (based on age) 
densities, Q. pustulosa (4.alm~, E. lineo/ata (1.5/m2), 
and T. truncata (l.s/m~, were also the three most 
for M. nervosa collected in 1987 Sylvan Slough 
. shows a strong (6.88/ml ) age 2-3 cohort (Figure 
ahundant species collected from Reach 15 in the present 
survey (Table A-S). .Sorrie species showed little evidence 
E-2), which can be identified in the density 
distribution from 1994-95 as an age 9-10 cohort 
of recent recruitment at one or more of the study sites; we (Figure· E-1). This indicates M. nervosa 
did not collect any M. nervosa or Q. metanevra experiences infrequent recruitment· success, 
(Monkeyface) less than 3a mm in length from' either of possibly only once during this ten year period. 
the two harvested beds (Case-IH and IlIiniwek) and only . Heath et at (1988) suggested an approximate 7­
one M. nervosa and two Q. metanevra at the refuge bed 
(Sylvan Slough). 
year recruitment cycle for M.nervosa in the 
Wisconsin portion of the UMR. 
Recruitment information from Sylvan Slough 
(Table F-I) and Case-IH (Table F-3) between 1983 and (2) A. pUcata· exhibited a more consistent' recruitment 
1995 demonstrates the unpredictable nature of mussel 
recruitment. Some species exhibit fairly constant 
pattern, with recent recruit densities typically 
between O.23/m2 and a.68/m2 in 1985 and 1995 
recruitment (e.g., Q. pustulosa) with relatively high' (Tables F-1, F-2, and F~3). Density 
densities of young mussels in most years, while others distributions from all study sites (1983-1995), 
show evidence of sporadic recruitment (e.g. ~ T. trullcata, based on age (Figures E·l to E-6), shell length 
T. donaciformis, and M. nervosa). Interpretation of 
recruitment information is difficult since we know very 
(Figures C-10 and C-20) , and shell height 
(Figures D-1, D-5, and D-10), show that A. 
little about the natural reproductive patterns of mussel plicata successfully recruit individuals to their 
species and how they are affected by environmental. population each year and occasionally produce an 
conditions (Le., water temperature, floods, turbidity, especially abundant cohort (1985-86, see 
etc.), biological factors (i.e., mussel abundance, host Appendix E). 
abundance, peak gravidity, etc.), or anthropogenic 
~tressors (Le., commercial harvest, recreati"onal or Age and Growth 
commercial boat traffic, pollutants,' etc.). . 
, Density distributions based on shell length We 'observed strong nail-linear age-size (Tables 
(Appendix C) and age .(Appendix F) facilitate the G-3 and G-4) and size-weight (Taple G-7) relationships 
identification of strong or weak cohorts which can be used for the ~ve commercial mussel species CA. pUcara, M. 
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nervosa, Q. quadrula, Q. pustulosa, and Q. meranevra) 
evaluated from Reach 15. Growth curves (Appendix G, 
Part IV) and calculated size-at-age (Appendix G, Part III) 
indicate growth rates of Reach 15 mussels are similar to 
other UMR populations (Woody 1988; Heath et al. 1988) 
and much lower than populations in the Illinois River 
(Whitney et aI., unpublished data). Growth rates 
decreased sharply with increasing age. Annual increase in 
length for the five species can be summarized as: (1) 
mussels aged 1 to 5 grow greater than 7 mm/yr (up to 17 
mmlyr for M. nervosa) , (2) mussels aged 6 to 11 grow 
from 4 to 10 mmlyr, (3) mussels aged 12 to 17 grow 
from 2 to 4 mm/yr, and (4) mussels aged greater than 18 
grow less than 2 mmlyr. Species specific annual growth 
rates can be determined from Appendix G, Part III. 
On average, sexual maturity of most commercial 
mussel species (A. pUcata, M. nervosa, Q. pustulosa,Q. 
meranevra, and Q. quadrula) occurs during their seventh 
or eighth years, with a range from 5 to 12 years of ag~ 
(Table G-2). . 
The time required for a commercial species to 
reach minimum harvestable size ranged from 19 to 24 
years; M. nervosa took the longest, requiring 24 years to 
reach a shell height of 101.60 mm (4 inch), A. pUcara 
required 21 years to reach a shell height of 69.85 mm 
(2.15 inch), and the three Quadrula species required 19 
to '21 years to reach a shell height of 63.5 mm (2.5 inch). 
These values are similar to the results from other growth 
studies in the UMR (21 years for M. nervosa, [Heath et 
al.«1988]) and nearly double the time required by the 
same species in the Illinois River (e.g., A. pUcara reached 
>minimum commercial size in 9 years in Peoria Reach and· 
13 years in the Alton Reach of the Illinois River [INHS, 
unpublished data]). 
Mo"'tality 
Mean unionid mortality at Sylvan Slough reached 
30.4% in 1983; eight mussel species had mean mortalities 
greater than 25%, including M. nervosa (45%); Q. 
pustulosa (37.6%), A. pUcata (34.9%), and T. trimcata 
{33.3%) (Table A-8). Since 1983, mortality rates have 
generally declined; however, these high mortalities in the 
eighties likely contributed to the significant decline in 
abundance of many of these species during the past 
decade (Table A-9). 
During the current survey (1994-95), mean 
unionid mortality at the·three study sites was estimated at 
0.81 % at Illiniwek, 1.15% at Sylvan Slough, and 4.27% 
at Case-IH. We are concerned about the apparent 
increase in mortality at Case-IH, ·which has increased 
from 1.88% in 1987 to 4.27% in 1994. Amblemaplicara 
showed increased mortality from 1.52 % in 1987 to 6.67 % 
1994 (Table A-lO). Overall mortality rates of the other 
two sites appear to be within acceptable levels,since they 
are typical of most mussel populations we have sampled 




unionid mortality (> 90%) occurs when zebra mussel 
densities and mean infestation intensity reach 6,OOO/m2 
and lOO/unionid. We predict that by 1996 or 1997 
unionid mussels in Reach 15 of the UMR will experience 
significantly greater infestations by zebra mussels and will 
subsequently suffer reduced fitness and increased 
mortality. 
Management Recommendations 
A primary objective of this comprehensive study 
was to provide resource managers with critical 
information necessary for the evaluation of management 
and conservation strategies to protect, preserve, or 
enhance freshwater mussels in the Upper Mississippi 
River. 
Analysis of quantitative data collected on mussel 
populations in Reach 15 of the UMR over the past decade 
shows that mussel populations have declined significantly, 
recruitment of many species is sporadic, mortality has 
been relatively high, growth rates are generally slow, 
illegal harvest has occurred in the mussel refuge, and 
zebra mussel abundance and infestation of unionids are 
increasing rapidly. We believe the following management 
actions could help to conserve mussel populations in 
Reach 15 and possibly throughout the entire UMR. 
(l) Close the. commercial harvest of live Mega/onaias \ 
nm'osa (\Vashboard). Studies conducted by the INHS 
in Reach 15 since 1983 indicate M. nervosa populations 
have suffered a significant (p S 0.001) decline in mean 
density (Table A-9), most likely the result of extensive 
commercial exploitation, unexplained die-offs from 1982 
to 1985, and only one substantial recruitment event in the 
past ten years (Figure F-3). 
Commercial harvest reports from Illinois 
(Williamson 1994) and Iowa (Ackerman 1996) indicate a 
significant decline in the reported catch of live washboard 
despite a significant increase in fishing effort. In the 
Illinois portion of the Mississippi River 1,092,330 pounds 
of live washboard were reportedly harvested in 1987, 
compared to 49,967 pounds in 1994. In the Iowa portion 
of the Mississippi, 296\988 pounds of live washboard 
were harvested in 1986, compared with only 1254 pounds 
in 1992. In the past eight years the average price paid for 
live washboards has increased nearly 1000%, increasing 
from $0.22/lb in 1987 to $2.40/1b in 1995. As the 
number of live washboards has decreased, buyers have 
turned to dead (relic) washboards to meet the increasing 
demand of their Japanese consumers. In 1995 the average 
price paid for relic shell was $1.40/1b. . 
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In the late 1980's, Fritz (1988) recommended a 
larger minimum harvest size or a ban on the harvest of 
washboard in some reaches of the Mississippi River as the 
only alternatives to prevent the serious stock depletion of 
this species. Commercial harvest reports from 1987 to 
1995 and results from the present mussel survey ofReach 
15 indicate washboard stocks may be at or below the 
critical level required to maintain themselves, even 
without additional commercial pressure. At this point, 
merely increasing the size restriCtions is an unacceptable 
alternative, as it would still allow the further depletion of 
the reproductive stock. If commercial harvest of live 
washboard is allowed to continue unchecked, they may 
soon be extirpated from some reaches of the UMR. 
(2) Establish entire reaches as mussel refuges. 
Although we support the need and rationale for mussel 
refuges, we believe the current mussel refuges only exist 
on paper and subsequently do not provide the services for 
which they were intended. Our studies in Reach 15 
suggest illegal harvest has occurred in the Sylvan Slough 
refuge,since all commercial species collected within the 
refuge demonstrate a truncated size distribution at the 
minimum commercial size limit (Appendix D), a 
characteristic ofharvested areas. In fact, individuals have 
been prosecuted for harvesting mussels in Sylvan Slough 
and other UMR mussel refuges (Scott Wright, IDNR 
Conservation Warden, personal communication). 
According to Wright, enforcement is difficult in that 
shellers. must be caught harvesting within the refuge 
boundaries. Once removed from the refuge, illegally 
harvested shells can not be distinguished from legal shells 
taken elsewhere. If an entire reach were designated as a 
refuge, any persons possessing shells on the water or at 
access sites (boat ramps) within the designated reach 
would be subject to prosecution. 
. The Upper Mississippi River Conservation 
Committee's (UMRCC) mussel ad hoc committee, which 
is composed of representatives from the five UMR states, 
recently recommended that two entire reaches of the 
Mississippi River. be set aside as mussel ~efuges. An 
ideal reach for designation as a refuge would have th~ 
following characteristics: (1) good baseline data (mussel 
recruitment~ density, diversity, harvest, etc.), (2) high 
density .of commercial and non-commercial species, (3) 
high species diversity, (4) presence of threatened, 
endangered, or special concern species, and (5) conducive 
to enforcement (limited access, law enforcement p~esence, 
and public support). We believe Reach 15 has all these 
characteristics and would be a good candidate' for a 
mussel· refuge. 
--_.--_._ .._---_._-_._--­
(3) Develop population models to guide and assist the 
management of mussels. Mussel populations are in 
urgent need of protection and management, but there is a 
lack of information on which sound management practices 
could be based. Among the very basic questions which· 
need to be answered are: are mussel populations 
undergoing long-term decline? If so, what are the 
contributing factors and their relative importance. For 
example, is the problem. caused by reduced recruitment, 
increased mortality (due to harvest, zebra mussels, and 
natural causes), or some combination of both? What is a 
sustainable harvest level? What age classes or size classes 
should be protected from harvest? These,are the types of 
questions addressed by population models that are in 
COJ;DlIlOn use in fish and wildlife management, e.g., for 
managing the deer herd in Illinois. Similar population 
models need to be developed to guide and assist the 
management of mussels. 
The recommended approach in developing these 
models is to gather data that will be immediately useful to 
resource managers in the UMR in regulating harvest of all 
commercial species, but at the same time begin 
development of a population model for one commercial 
species. Field and laboratory data would be used in the 
. model, which would eventually simulate the outcome of 
various management decisions and varying degrees of 
:zebra mussel impacts. The initial model should be for A.· 
plicara (Threeridge) which makes up most of the 
commercial harvest in the UMR and is common to most· 
of the medium and large rivers of the midwest. The exact 
modeling approach should be left to the discretion of the 
modeler, but an example is the dynamic pool approach 
. described by Pitcher and Hart (1982). 
Although a crude model can probably be 
developed in one year, refinement, calibration, and 
verification of the model is likely to take longer, 
especially since it will require at least 5 years of field 
work, perhaps more. The reasons for such a long-term 
program are: (1) a long time series of data is required to 
capture sporadic recruitment events and associate these 
with causative factors, and (2) it will take a long time to 
collect data that were not collected in earlier studies 
(fecundity, age/shell length relationships, repeated 
measures of marked individuals to determine growth).. A 
long-term commitment should be made to this program, 
because it would be a waste of resources to start as-year 
growth study involving recapture of marked mussels and 
then not complete it because of lack of funding. 
Improved management of mussels does not have 
to be postponed until the mOdel is completed however, 
because the field investigations themselves would provide· 
useful information on the status ~f mussel populations. 
The technical basis for management decisions should 
improve rapidly as the model and its information b!lSe 
improve year to year. 
. (4) Monitor zebra mussel densities and impacts on 
native mussels in the Mississippi River. Zebra mussel· 
densities and infestation of native unionid mussels have 
increased significantly since 1994. Between July 1994 
and July 1995, zebra mussel densities at the IlIiniwek 
study site increased (rom a mean of 1.5/m2 to 2,519/m2 
(Table H-l) and infestation of native unionids increased 
from less than 1% to 48.9% (Figure H-2). As zebra 
mussel densities and unionid infestation continue to 
increase so will the. likelihood of widespread unionid 
·mortality. Without continuation of monitoring of . 
Mississippi River zebra mussel populations to determine 
abundance and their effects on native unionid mussels, it 
will be difficult to justify. the implementation of future 
mitigation strategies. Reach 15 wQuld serve as an ideal 
location to continue to monitor the buildup and impacts of 
zebra mussel populations since we have quantitative· 
baseline information on their abundance and infestation of 
, unionids. 
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Reach 15 (1983-93). 
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Table A-6 :	 Species summary for three sites in Reach 15, 1994-95. A-5 
. Table A-7 :	 Statistical comparison of mean densities of unionids among A-6 
three sites in Reach 15, 1994-95. 
Table A-8 :	 Species summary for Sylvan Slough (RM 485.8), 1983-95. A-7 
Table A-9 :	 Statistical comparison of mean densities of unionids at Sylvan A-8 
Slough (RM 485.8) between 1983-95. 
Table A-IO:	 Species summary for Case-IH (RM 488.5),1985-94. A-9 
Table A-ll:	 Statistical comparison ofmean densities ofunionids at Case-IH A-IO 
(RM 488.5) between 1985-94. 
l. t .• 
Table A-I2:	 Statistical comparison of mean densities of unionids between A-II 
sites and years in Reach 15. 
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Table A-I.	 Summary of quantitative unionid mussel sampling in Reach 15 of the Upper 
Mississippi River during surveys conducted by the lllinois Natural History Survey 
between (a) 1994-95 and (b) 1983-87. 
(a) 1994-95 
Site 
Sylvan Slough (RM 485.8) 
Case-ill (RM 488.5) 
llliniwek (RM 492.4) 
Total 
Number of quantitative samples 
O.25-m2 I-m2 Area 
July '94 Aug '94 July '95 Sept '95 Total (m2) 









286 81170 44 60 12 
Number of quantitative samples (b) 1983:-87 
I_m2 
Site Mav'83 Sept i85 Ju'ne '87 
Sylvan Slough (RM 485.8) 4 8 8 
Case-ill (RM 488.5) ---- 6 8 







Table A-2.	 Mean, standard deviation (SD), and range of live mussel densities (no./m2) from 
three sites in Reach 15 ofthe Upper Mississippi River sampled between (a) 1994~95 
and (b) 1983-87. 
.(a) 1994-95 
Site 
Sylvan Slough (RM 485.8) 
Case-ill (RM 488.5) 








Mean:l: SD/range of live mussel densities (noJm') 



























Mean:l: SD/range of live mussel densities (no.lm') 
Ma)' '83 Sept' 85 June' 87 
S)'lvan Slough (RM 485.8) 
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Table A-3.	 Number ofunionid mussel species collected by the TIlinois Natural History Survey· 
during quantitative sampling at three sites in Reach 15 of the Upper Mississippi 
River between 1983 and 1995. 
Site 1983 
Number of unionid species 
1985 1987 1994-95 Total 
Sylvan Slough (RM 485.8) 











llIiniwek(RM 492.4) --­ ---­ ---­ 25 25 
Total 18 21 24 26 26 
Table A-4.	 Scientific and common names ofnative unionid species collected in Reach 15 ofthe 
Upper Mississippi River during quantitative mussel surveys conducted by the IlIinoi s 
Natural History Survey, 1983-95. Taxonomy follows Cummings and Mayer, 1992. 
Scientific	 Common 
. 1, Actinonaias ligamentina (Lamarck, 1819) Mucket 
2. Amblema plicata (Say; 1817) ; Threeridge 
3. Arcidens confragosus (Say, 1829) , Rock-po'cketbook 
4. Cumberlandia monodonta (Say, 1829) .spectaclecase 
5. Ellipsaria lineolata (Rafinesque, 1820) ~ Butterf1y 
6. Fusconaia jlava (Rafinesque, 1820) Wabash pigtoe 
7. Lampsilis cardium (Rafinesque, 1820) Plain pocketbook 
8. Lampsilis higginsi (Lea, 1857) Higgins eye 
9. Lasmigona complanata (Barnes, 1823) ;..White heelsplitter 
10. Leptodeafragilis (Rafinesque, 1820) FragiIe papershell 
11. Ligumia recta·(Lamarck, 1819) ; BIack sandshell 
12. Megalonaias nervosa (Rafinesque, 1820) Washboard 
. 13. Oblicjuaria rejlexa (Rafinesque, 1820) , Threehom wartyback 
14. Obovaria olivaria (Rafinesque, 1820) , Hickorynut 
15. Plethobasus cyphyus (Rafinesque, 1820) Sheepnose 
16. Potamilus alatus (Say, 1817) Pink heelsplitter . 
17. Potamilus ohiensis (Rafinesque, 1820) Pink papershell 
18. Pyganodon grandis (Say, 1829) : Giant floater 
19. Quadrula metanevra (Rafinesque; 1820) ~ ; Monkeyface 
20. Quadrula nodulata(Rafmesque, 1820) Wartyback 
21. Quadrula pustulosa (Lea, 1831) : Pimpleback 
22. Quadrula quadrula (Rafmesque, 1820) Mapleleaf 
23. Strophitus undulatus (Say, 1817) , :..: .squawfoot 
24. Truncilla donaciformis (Lea, 1828) Fawnsfoot 
25. Truncilla truncata (Rafinesque, 1820) Deertoe 
26. Utterbackia imbecillis (Say, 1829) Paper pondshell 
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Table A-S.	 Species collected from three sites in Reach 15 ofthel.Jpper Mississippi River during the 1994-95 survey by the Illinois Natural 
History Survey. Species for each site are showli ill order of decreasing abundance (avg. density). Class refers to : A* = very 
abundant (> 20.01/m2); A = abundant (10.01 to 20.00/m2); C = Common (1.01 to 1O.00/m2); DC = uncommon (0.34 to 1.00/m2); 
and R = rare « 0.33/m2). 
Sylvan Slough (485.8) Case-IH (488.6) IIIiniwek (492.4) Overall (Reach 15) 
Rank Species Class Rank Species Class Rank Species Class Rank Species Oass 
1. Q. pustu/osa A I. Q. pustulosa A* 1. T.truncata A* 1. T. truncata A* 
2. T. truncata C 2. T. truncata A 2, E. lineolala A* 2. E. lineo/ata A 
3. E. /ineo/ata C 3. A. plicata A 3. Q. pustulosa A 3. Q. pustu/osa A 
4. T. donaciformis C 4. E. lineo/ata A 4. A. plicata A 4. A. plicata C 
5. Q. metanevra C 5. 0. riflexa . C 5. 0. ref/exa A 5. O. reflexa C 
6. 0. reflexa C 6. M nervosa C 6. L.fragilis C 6. M nervosa C 
.7. A. plicata C 7. Q. quadnl/a C 7. M nervosa C 7. L fragilis C 
8. Mnervosa C 8. L.fragilis C 8. Q. quadrula C' 8. T. donaciformis C 
9. Q. quadru/a C 9. T. donaciformis C 9. T. donacifOrmis C 9. Q. quadrula' C 
10. L.fragilis C 10. Q. metanevra DC 10: L. cardium DC 10. Q. metanevra C 
11. P. cyphyus R 11 .. Q. nodulata DC ll. F.f/ava DC II ~ L. cardium , DC 
'12. :Q. nodu/ata R 12. Ff/ava DC 12. P. gray/dis DC 12. F.f/ava DC 
13. L.recta R 13. L. cardium DC 13. U imbecillis ' DC 13. P. grandis R 
14. L"cardium R 14. P. grandis UC 14. P. alarus DC 14. Q. nodulata R 
15. a imbeci//is R 15. P. alatus R 15. Q. metanevra ,R 15. P. alatus R 
16. P. a/atus R 16. 0. olivaria R , 16. L. recta R 16. U. imbecillis ,R 
17. Ff/ava . R '17. I~ recta R 17. A. confragosus R 17. L. recta ,R 
18. P. gr011dis R 18. L. complanata' R 18. L comp/anata R 18. P. cyphyus R 
. 19. L higginsi R 19. S. undulatus R 19. 0. olivaria R 19. L higginsi R 
20. A. ligamentina R 20. L higginsi R 20. L. higginsi R 20. L. complanata R 
21. A. confragosus R	 21. A. ligamentina R 21. A. confragosus R 
22. S. undulatus R	 22. S. undulatus ,R 22. 0. olivaria R 
23. 0. olivaria R	 23. Q. nodulata R 23. A.ligamentina R 
24. C. monodonta R 24., S. undulatus R 
25. P. ohiensis R 25. C. monodonta R 
26. P. ohiensis R 
AA=O:A=1 :C=9:UC=O:R=l A*=1 :A=3:C=S:UC=S:R=6 A *=2:A=3:C=4:UC=5:R=1l A *=1 :A=2:C=7:UC~2:R=14 
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Table A-6.	 Number, density, relative abundance, and mortality of lllllllllid 1l1liSScis al t Itrce sites in Reach J5 of the Upper Mississippi River. 
These values represent a compilation of all quantitative samples collected al Sylvan Slough (RM 485.8), Case-IH (RM 488.5), and 
IIIiniwek (RM 492.4) during the 1994-95 mussel survey collducted by tlte Illinois Natural History Survey. 
Reach 15 : 1994-95 
Density (n.o.{~L_._._______ ...._ .......__ 
Sylvan Slou~h Case-IH lIIiniwek 
Number live (RM 485.8) 
_.--.lRM 488.5) _~M 492:~}._..__ Rela~ive abundance (%) Overall mortality (%) 
Species 485.8 488.5 492.4 Mean S/)· Mean SD Mean SD 485.8 488.5 492.4 485.8 488.5 492.4 
I. Actinonaias ligamentina 3 0 4 0.10 0.64 0.00 '0.00 0.12 0.90 0.17 0.00 0.11 0.00 0.00 0.00 
'2., Amblema plicata 102 252. 323 3.25 4.26 14.00 12.31 10.34 7.51 5.95 15.59 8.55 3.77 6.67 1.22 
3. Arcidens confragosus 2 0 5 0.07 0.53 0.00 0,00 0.20 0.89 0.12 0.00 0.13 0.00 0.00 0.00 
4. Cumberlandia monodonta a 0 I 0.00 0.00 0.00 0.00 0.04 0.40 0.00 0.00 0.03 0.00 0.00 0.00 
5.· Ellipsaria lineo/ata 218 248 1133 6.80 5.73 13.78 15.11 35.02 18.14 12.71 15.35 30.01 0.00 1.59 0.09 
6. Fusconaia flava 3 1i 17 0.10 0.64 0.61 1.72 0.51 1.44 0.17 0.68 0.45 0.00 0.00 0.00 
7. Lampsilis 'cardium 8 9 23 . 0.25 0.96 0.50 1.48 0.63 1,45 0.47 0.56 0.61 0.00 0.00 0.00 
8. Lampsilis higginsi 3 I 4 0.10 0.64 0.06 0.47 0.13 0.70 0.17 0.06 0.11 0.00 0.00 0.00 
9. . Lasmigona comp/anala 0 2 5 (1.00 0.00 O.ll 0.66 0.16 0.80 0.00 ·0.12 0.13 0.00 0.00 0.00 
10. Leptodeafragi/is. 55 37 113 1.78 3.22 2.06 3.66 3.83 4.36 3.21 2.29 2.99 0.00 5.13 1.74 
II. Ligumia reCla . II 2 9 0.28 0.99 O.ll 0.66 0.24 0.96 0.64 0.12 0.24 0.00 0.00 0.00 
12. Mega/onaias nervosa 66 65 83 2.24 3.18 3.61 6.52 2.77 3.16 3.85 4.02 2.20 0.00 0.00 0.00 
13. Ob/iquatia reflexa 126 165 288 3.94 4.03 . 9.17 9.45 9.93 8.60 7.35 10.21 7.63 2.33 1.20 L71 
14. Obovaria o/ivaria I 2 4 0.03 0.37 O.ll 0.66 0.13 0.70 0:06 0.12 0.11 0.00 0.00 0.00 
15. Plethoba~uscyphyus 10 a a 0.32 1.31 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00 
16. Potami/us alatus 4 3 10 0.14 0.74 0.17 0~80 0.34 1.24 0.23 . 0.19 0.26 0.00 57.14 0.00 
17. Potami/us ohiensis a a I 0.00 0.00 0.00 0.00 0.04 . 0.40 0.00 0.00 0.03 0.00 0.00 0.00 
1St Pyganodon grandis 3 7 16 0.10 0.83 0.39 1.36 0.50' 1.65 0.17 0.43 0.42 0.00 0.00 0.00 
19. Quadrula metanevra. 142 15 8 4.42 5.1l 0.83 2.00 0.33 1.24 8.28 0.93 0.21 0.00 0.00 0.00 
20. Quadrula nodulata . 9 II 2 0.29 1.27 0.61 1.72 0.05 0.42 0.52 0.68 0:05 0.00 0.00 0.00 
21. Quadrula pustulosa 463 378 499 14.15 9.89 21.00 19.44 16.17 12.11 27.00 23.39 13.22 1.28 2.33 0.80 
22. Quadrula quadrula 60 47 46 1.85 3.58. 2.61 3.73 1.33 2.19 3.50 2.91 1.22 . 0.00 4.08 0.00 
23. Strophitus undulalus I I 7 0.03 0.37 0.0'6 0.47 0.09 0.58 0.06 0.06 0.19 0.00 0.00 0.00 
24. Truncilla donaciformis 137 36 29 4.49 6.50 2.00 3.84 1.02 1.99 7.99 2.23 0.77 2.84 14.29 3.J3 
25. Trimci/la truncata 281 324 1132 8.44 7.29 18.00 11.43 35.59 21.26 16.38. 20.05 29.98 1.06 7.16 1.l4 
26. Utterbackia imbecillis 7 0 14 0.22 0.90 0.00 0.00 0.42 1.55 0041 0.00 0.37 0.00 0.00 6.67 
Totals 1715 1616 3776 53.41 25.01 86.66 50.58 118.30 48.82 100 100 100 1.15 4.27 0.81 
Species 23 20 25 
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Table A-7.	 Statistical comparison (t-test) ofmean densities ofunionids among three sites in Reach 15 ofthe 
UpperMississippi River, 1994-95. Statistically significant differences are denoted by the level of 
significance and the relationship (> or<) ofmean densities. 
Reach 15 - 1994-95 
Comparison of mean densities between sites 
Species Illiniwek:Sylvan Illiniwe~:Case-IH Case-IH:Sylvan 
1. Actinonaias ligamentina NS 
2. Amblema plicata *** >	 *> *** > 
3. Arcidens confragosus NS 
4. Ellipsaria lineolata *** >	 *** > . *** > 
5. Fusconaia jlava ** > NS	 ** > 
6. Lampsilis cardium *> NS	 NS 
7. Lampsilis higginsi NS NS	 NS 
8. Lasmigona complanata	 NS 
9. Leptodea fragilis *** > ** >	 NS 
10. Ligumia recta NS NS	 NS 
11. Megalonaias nervosa NS NS	 NS 
12. Obliquaria rejlexa *** > NS	 *** > 
13. Obovaria olivaria NS NS	 NS 
14. Potamilus alatus NS NS	 NS 
15. Pyganodon grandis *> NS	 NS 
16. Quadrula metanevra *** <	 *< ",**< 
17. Quadrula nodulata NS ** <	 NS 
18. Quadrula pustulosa NS	 *< ** > 
19. Quadrula quadrula NS ** <	 NS 
20. Strophitus undulatus NS NS	 NS 
21. Truncilla donacijormis ***<	 *< ** < 
22. Truncilla truncata *** > *** >	 *** > 
23. Utterbackia imbecillis NS	 .. 
*-significant at p = 0.05 level ** -significant at p = 0.01 level *** -significant at p = 0.001 level 
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Table A-8.	 Number, density, relative abundance, and mortality of unionid mil$scls at Sylvan Slough (RM 485.8) site in Reach 15 of the Upper 
Mississippi River. These valties represent a compilation of all quantitative samples collected at Sylvan Slough (RM 485.8) during 
1983, 1985, 1987, and 1994-95 mussel surveys conducted by the Illinois Nillural History Survey. 

























Density (noJm~)___.. __ .__._ ... _.___.____ 
Number live 1983 1985 1987 1994-95 . Relative abuftfbnce ('Yo) Overall mortality ('Yo) 
Species 1983 1985 1987 1994-95 Mean SO Mun SO Mun SI) M;;~,--SO- 198J 1985 J987 J994-95 .1983 1985 1987 1994~95 
Actinonciias ligamentina 0 0 0 3 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.64 0.00 0.00 0.00 0.17 0.00 0.00 ·100.00 0.00 
Anwlema plicata 41 78 52 102 10.20 1.10 9.80 2.60 6.50 2.<10 3.25 4.26 ·11045 9:80' 5.63 5.95 34.90 22.77 0.00 .3.77 
Arcidens confragosus ' 1 2 0 2 0.20 0040 0.20 0040 0.00 0.00 0.07 0.53 0.28 0.20 0.00 0.12 0.00 0.00 0.00 0.00 
. Cumberlandia mOnodonta 1 0 0 0 0.20 0040 0.00 0.00 . 0.00 0.00 0.00 0.00 0.28 0·90 0.00 0.00 0.00 0.00 0.00' 0.00 
Ellipsaria lineolata ' 29 42 49 218 7.20 3.10 5.20 2.80 6.10 1.10 6.80 5.73 8.10 5.20 5.29 12.71 19.40 6.67 3.92 0.00 
.Fusconaia jlava 5 4 2 3 1.20 0.40 0.50 050 0.30 0.40 0.10 0.64 1.40 0.50 0.26 0.17 28.60 20.00 0:00 0.00 
Lampsl/is cardium 5 7 5 S· 1.20 1.10 0.90 0.90 0:60 0.50 0.25 0.96 . 1.40 0.90 0.52 0047 16.70 0:00 0.00 0.00 
Lampsilis higginsi 0 0 0 3 ' 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.64 0.00 0.00 0.00 0.17 0.00 ' 0.00 0.00 0.00 
Leptodeafiagilis 37 81 82 55 9.20 0.80 10.10 2.90 10.30 3.20 1.78 3.22 10.34 10.10 8.93 3.21 9.80 10.99 5.75 0.00 
Ligumia recta 3 2 I II 0.80 1.30 0.20 0.40 0.10 0.30 0.28 0.99 0,84 0,20 0.09 0.64 0.00 33.33 0.00 0.00 
II. . Mega(onaiasnervosa 33 107 116 66 8.20 3.20 13.40 4.70 14.50 3.80 2.24 3.18 9.22 13.40, 12.56 3.85 45.00 21.90 1.69 0.00 
Obliquaria rejlexa 15 33 39 126 3.80 .2.40 4.10 2.00 4.90 2.00 3.94 4.03 4.19 4.10 4.25 7.35 31.80 1,9.51 2.50 2.33 
Obovaria oliVaria 0 I I I 0.00 0.00 0.10 0.30 0.10 0.30 0.03 0.37 0:00 0.10 0.09 0.06 0.00 50.00 0.00 0.00 
Plethobasus c'yphyus 0 . I I 10 0.00 0.00 0.10 0.30 0.10 0.30 0.32 1.31 0·09 0.10 0.09 0.58 0.00 0.00 0;00 0.00 
POlamilusalatus: 16 . 18 39 4 4.00 3.20 2.20 0.70 4.90 1.60. 0.14 0.74 4.47 220 4.25 0.23 11.10 5.26 0.00 0.00 ' 
Potamilus ohiens(s 0 6 7 0 0.00 0.00 0.80 0.70 0.90 0.90 0.00 0;00 0.00 0.80 0.78 0.00 0.00 0.00 0.00 0.00 
Pyganodon grane/is 5 7 I 3 1.20 1.30 0.90 0.60 0.10 0.30 o.lfi . 0.83 lAO 0.90 0.09 0.17 0.00 0.00 0.00 0.00 
Quadrula metanevra 8 53 72 142 2.00 120 6:60 ' 4.10 !).OO 3.20 4.42 5.11 2.23 6.60 7.80 8.28 27.30 1.85 1.37 0.00 
Quadrula nodulata 0 1 4 9 0.00 0.00 0,]0 0.30 0.50 0.70 0.29 127 0,00 0.10 0043 0.52 100.00 0.00 0.00 0.00 
Quadl'llia pustulosa 83 158 227 463 20.80 5.50 19.80 620 28.40 4040 14J5 9.89 23.18 1~.80 24.61 27.00 37.60 25.82 1.73 128 
Quadl'llia quadrula' 11 14 10 60 2.80 1.50 1.80 0.80 1.30 1.00 1.85 3.58 ·3.07 1.80 1.13 350 15.40 . 17.65 0.00 0.00,Sirophitus undNlatus 0 0 I 0.00 0.00 0.00 0.00' 0.10 0.30 0.03 0.37 0.00 0.00 0.09 0.06 0.00 0.00 0,00 0.00
 
Truncilladonadformis 1'3 52 51 137 3.20 3JO 6.50 4.70 6.40 3.00 4.49 6.50 3.63 6.50 5.55 7.99 27.80 28.'17 1053 2.84
 
Truncilla truncata 40 JOI 158 281 JO.OO ,2.30 . p.60 4.30 19.80 7.20 8.44 7.29 11.17 12.60 17.16 16.38 33.30 11040 7.60 1.06
 
Ulterbac/cia imbecillis 12 33 4 7 3.00 1.00 ·4.10 1.80 0.50 1.00 . 0.22 0.90 3.35 . .4.10 0,43 0,41 . 7.70 10.81 66.67 0.00
 
Totals 358 801 922 1715 89.50 13.50 100.10 21.60 115.40 17.20 53.39 25.01 100 100 100 100 30.40 17.93 4.46 1.15 
Sp~ie, , 18 21 21 23 
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Table A-9.	 Statistical comparison(t-test) ofmean densities ofunionids at Sylvan Slough (RM 485.8) between 1983, 1985, 1987, and 1994-95. 
Statistically significant differences are denoted by the level of significance and the relationship (> or <) of mean densities.. 
Sylvan Slough (RM 485.8) 
Species 
1. Amblema plicata 
2. Arcidens confragosus 
3. Ellipsaria lineolata 
4. Fusconaia jlava 
5. Lampsilis cardium 
6. Leptodea fragilis 
7. Ligumia recta 
8. .Megalonaias nervosa 
9. Obliqlf,Clria reflexa 
10. Potamilus alatus 
11. Potamilus ohiensis 
12. Pyganodon grandis 
13. Quadrulametanevra 
14. Quadrula nodulata 
15. Quadrula pustulosa 
16. Quadrula quadrula 
17. Truncilla donaciformis 
18. Truncilla truncata 
19. Utterbackia imbecillis 
NS - not significant 
Comparison of mean densities between years 
1983:1985 1983:1987 1983:1994-95 . 1985:1987 1985:1994-95 1987:1994-95 
NS *> ** > *> *** > *> 
NS NS NS 
NS NS NS NS NS NS 
*> ** > *** > NS NS NS 
NS NS NS NS NS NS 
NS NS *** > NS *** > *** > 
NS NS NS NS NS NS 
NS *< *** > NS .*** > *** > 
. NSNS NS NS NS NS 
NS NS *** > *** < **.* > *** > 
NS *** > *** > 
NS *> *> ** > NS NS 
NS ** < NS NS NS *> 
NS NS NS 
*< NS ** < NSNS	 *** > 
NS NS NS NS NS	 NS 
.	 NS NS NS NS NS NS 
NS *< NS *< NS *** > 
NS ** > *** > *** > *** > NS 
* - significant at p= 0:05 level ** -significant at p = 0.01 level ***- significant at p = 0.001 level 
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Table A-lO.	 Number, density, relative abundance, and mortality of unionid mussels <It Case-IH (RM 488.5) site in Reach 15 of the Upper 
Mississippi River. These values represent a compilation of all quantitative samples collected at Case-IH (RM 488.5) during 1985, 
1987, and 1994 mussel surveys conducted by the ~Ilinois Natural History Survey. 
Case IH (RM 488.5): 1985, 1987, and 1994 




1994 Relative abundance (%) Overall mortality (%) 
Species ]985 1987 1994 Mean SD Mean SD Mean SD 1985 1987 1994 1985 ]987 1994 
I. Actinonaias ligamentina 0 I 0 e.oe 0.00 0.10 0.30 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
2. ·Amb/ema plicata 98 325 252 16.30 7.30 40.60 13.80 14.00 12.31 11.74 13.80 15.59 14.80 1.52 6.67 
3. Arcidens -confi'agosus 2 2 0 0.30 0.50 0.30 0.40 0.00 0.00 0.24 0.10 0.00 0.00 0.00 0.00 
4. Ellipsaria lineo/ata 93 262 248 15.50 8.00 32.80 11.90 13.78 15.11 11.l4 ILlS 15.35 1.10 1.13 1.59 
5. · Fusconaiajlava 4 24 .11 0.70 0.80 3.00 1.70 0.61 1.72 0.48 1.02 0.68 0.00 0.00 0.00 
6. Lampsi/is cardium 7 II 9 1.20 1.10 1.40 1.40 0.50 1.48 .0.84 0.48 0.56 0.00 0.00 0.00 
7. Lampsilis higginsi 0 I I 0.00 0.00 0.10 0.30 0.06 0.47 0.00 0.03 0.06 0.00 0.00 0.00 
8. Lasmigona comp/anata 0 I 2 0.00 0.00 0.10 0.30 O.ll 0.66 0.00 0.03 0.12 0.00 0.00 0.00 
9. Leptodea fragi/is 121 267 37 20.20 10.80 33.40 15.40 2.06 3.66 14.49 1l.35 2.29 4.70 3.96 5.13 
10. Ligumia recta 2 8 2 0.30 0.50 1.00 0.70 0.11 0.66 0.24 0.34 0.12 0.00 0.00· 0.00 
II. Mega/onaias nervosa 16 15 65 2.70 2.20 1.90 1.50 3.61 6.52 1.92 0.65 4.02 27.30 0.00 0.00 
12. Obliquaria rejlexa 25 115 165 4.20 2.00 14.40 6.10 9.17 9.45 2.99 0.37 10.21 3.80 0.00 1.20 
13. Obovaria o/ivaria 2 Q 2 0.30 0.50 1.10 1.30 0.11 0.66 0.24 4.89 0.12 0.00 0.00 0.00 
14. Potami/us a/atus-­ 37 105 3 6.20 4.70 13.10 6.60 0.17 0.80 4.43 4.45 0.19 0.00 0.94 57.14 
IS. Potami/us ohiensis 4 16 0 0.70 1.10 2.00 1.90 0.00 0.00 0.48 0.68 0.00 0.00 11.11 0.00 
16. Pyganodon grandis 0 I 7 0.00 0.00 0.10 0.30 0.39 1.36 0.00 0.03 0.43 0.00 0.06 0.00 
17. Quadru/a metanevra 2 7 15 0.30 0.50 0.90 0.90 0.83 2.00 0.24 0.31 0.93 0.00 0.00 0.00 
18. Quadru/a nodu/ata 3 24 II 0.50 0.50 3.00 2.20 0.61 1.72 0.36 1.02 0.68 0.00 4.00 0.00 
19. Quadru/a pustu/osa 136 489 378 22.70 14.80 61.10 26.10 21.00 19.44 16.29 20.76 23.39 7.50 . 1.01 2.33 
20. Quadru/a quadru/a 17 44 47 2.80 2.00 5:50 2.40 2.61 3.73 2.04 1.87 2.91 5.60 0.00 4.08 
21. Strophitus undu/atus 0 0 1 0.00 0.00 0.00 0.00 0.06 0.47 0.00 0.00 0.06 0.00 0.00 0.00 
22. · Truncilla donaciformis 44 67 36 7.30 4.30 8.40 9.10 2.00 3.84 5.27 2.85 2.23 21.40 8~22 14.29 
23. Truncilla truncata 206 559 324 34.30 15.20 69.90 43.30 18.00 11.43 24.67 23.75 20.05 0.50 1.76 7.16 
24. Utierbackia imbecillis 16 I 0 2.70 4.00 0.10 0.30 0.00 0.00 1.9i 0.03 .0.00 0.00 50.00 0.00 
Totals 835 2354 1616 139.20 62.10 294.30 94.30 89.79 25.01 100 100 100 6.30 1.88 4.27 
Species 19 23 20 
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Table A-II.	 Statistical c'ompanson (t-:test) of meari den*i~~ of unionids atCase-lli (RM 488.5) between 
1985, 1987, a.tJ.d 1994.,.StatisticallysigJ1ifican~ differences'ate derioted .by th~ level of 
significance and the relationship (> .or<) ofinean densities. . 
Case-IH (RM 488~5r 
Species 
, 1. Amblema plicata 
2. Ellipsaria lineolqta 
3. Fusconaia jlava 
4. Lcimpsilis cardium 
5. Lampsilis higginsi 
'6. Lasmigona complanata 
7. Leptodeafragilis 
8. Ligumia recta 
9. Megalonaias nervosa 
10. Obliquaria reflexa 
11. Obovariaolivaria 
12. Potamilus alatus 
13. Potamilus ohiensis 
14. Pyganodon grandis 
15. Quadrula metanevra 
16. Quadrula nodulata 
17. Quadrulq pustulosa 
18. Quadrula quadrula 
19. Truncilla donaciformis 
20. Truncilla truncata 
21. Utterbackia imbecillis 
*. significant at p =0.05 level 
Comparison of meaudensities, between years, 
1985:1987 1985:1994 . 1987:1994 
** < NS *** > 
** < NS ** > 
*< NS", **> 
·NS ,NS	 NS 
NS 
'NS 
'NS' *** > *** > 
NS NS ** > 
NS NS NS 
** < NS ,NS " 
NS NS ** > 
NS *** :> . ***> 
NS " 
NS NS 
NS NS NS 
*< NS ~* > 
.**<. 
·NS *** >.
*< NS *> 
NS ** > ** >
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TableA-12.Statisticalcomparison'(totest) ofmean densities 'of uni~nids at Reach 15' (QMR). between sit~$ 
, and years (1983 to 1995). 'Statisticaliy,significartt differences are'denoted' by the level of 
significance and the relationship (>or <) ofmean den'sides. 
Reach .15 Sites ': 1983 to 199.5 
:Comparison..o'fm~ari de~sities between sites! and years' 
Reach 15,1994-95 
Reach 15, 1994-95 
Reach 15, 1994-95 
Reach 15,1987 
Reach 15,1985 
Sylvan Slough (RM 485,8) , 
Sylvan Slough:(RM 485.8) 
Sylvan,Slough (RM 485.8) 
Sylvan Slough (RM ~85 .8) , 
Sylvan Slough (RM 485.8) 
,Sylvan Slough (RM485 ;8) 
Case-ill CRM488.5) 
Case-ill (RM 488.5) 
Cas:e-IH (RM 488.5) 
.'::" ." . ·····~3·· 
Illiniwek : Syl~an Slptigh, *** > 
Illiniwek: Case-IH *** > 
Case-ill: Sylvan Slough ',*** > 
" 
Case-ill: Sylvan Slough '*** > 
Cas¢-:rH :Sylvan Slough, NS, 
1983 : 1985 NS 
198,3 : 1987 *< 
"1983 : 1994-95 ** > ' 
1985 : 1,981 NS 
1985 : 1994-95 *'** > 
1987 ;, 1994-95 ' *** >, 
, ,
.. 
1985 : 1987 **:< 
1985 : 1994 ,'*** > 
1987 : 1994 *** >, 
.. ~ . 
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AppendixB 
Calculated number of samples required to estimate 
actual density within specified level (%) 






Calculated number of samples required to estimate 
actual density within specified level (%) 
Reach 15 oftbe Upper Mississippi River 
Descrip_ti_o_n..... P_a_gi.,e_ 
Table B-1: Calculated number of samples required to estimate unionid 
density at three sites in Reach 15 (UMR). 
(1.) Sylvan Slough (RM 485.8) 1983-1995 
(2.) Case-ill (RM 488.5) 1985-1994 
(3.) Illiniwek (RM 492.4) 1994-95 
B-2 
Table B-2: Calculated number of samples required· to estimate unionid 
species density at Sylvan Slough (RM485.8) in (a) 1994-95 and 
(b) 1985. . 
B-3 
Table B-3: Calculated number of samples required to estimate unionid 
species density at Case-ill (RM 488.5) in (a) 1994 and (b) 
1985. 
B-4 
Table B-4 : Calculated number of samples required to estimate unionid 
species density at Illiniwek (RM 492.4) in 1994-95. 
B-5 
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Table B~l.Calculated number of quantitative samples required to estimate unionid density at three 
sites in Reach 15 (UMR) within x% of the actual density with a 0.05% probability of 
being incorrect. Based on the fonnula: n = [(2SD) -;. (xM)]2, where: n =number of 
samples required, SD =standard deviation, x=desired level ofaccuracy (i .e., 10%=0.1), 
and M =mean unionid density based on sampl"es collected. Numbers within rectangles 
;indicate the number of samples collected met or exceeded the number of samples 
required for each level of accuracy (%). 
Reach 15 (UMR) 
Density Samples Reouired Samples 
Site Date Mean' SD Collected 10% 20% 30% 40% 50% 
Sylvan Slough (RM 485.8) June 1994 48.2 20.8 80 I 74 19 8 5 ,3 



















1983 89.5 13.5 4 9 2 1 I 0 
1985 100.1 ' 21.6 8 19 5 2 I I 
1987 115.4 17.2 8 9 2 I I 0 
1985-87 107.8 10.8 16 I 4 I 0 0 0 
Case-llf (RM 488.5) June 1994 97.0 51.1 50 III 28 12 7 4 
Allg. 1994 63.2 41.1 22 169 42 I 19 11 7 



















1985-87 216.8 109.6 14 102 26 r II 6 4 
llIiniwek (RM 492.4) June 1994 150.7 42.7 40 I 32 8 4 2 I 
Aug. 1994 124.5 41.4 22 44 11 5 3. 2 
June 1995 82.7 34.2 30 68 17 8 4 3 
Sept. 1995 83.7 15.3 6 13 3 1 'I I 
Overall 94-95 118.3 48..8 98 I 68 17 8 4 3 
,. ,.r.. 
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Table B-2. Calculated number of quantitative samples required to estimate unionid species density at 
Sylvan Slough (RM 485.8) in (a) 1994-95 (116 samples collected) and (b) 1985 (8 samples 
collected) within x% ofthe actual density with a 0.05% probability ofbeing incorrect. Based 
on the formula: n = [(2 SD) + (xM)J2, where: n = number ofsamples required, SD = standard 
deviation, x =desired level ofaccuracy (i.e., 10% = 0.1), and M = mean unionid density baSed 
on samples collected. Numbers within rectangles indicate the number of samples collected 
met or exceeded the number of samples required for each level ofaccuracy (%). 







































































































































































































































































































































































0040 .. 1600' . 400 178 100 
0.3b 3600 900 400 225 
0.30 3600 900 400 225 
0.30 3600 900 400 225 
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Tabl~ B-4.	 Calculated number ofquantitative samples requiredt·o estimate unionid sp·ecies density at 
nliniwek (RM 492.4) in 1994-95 (98 samples collected}within x% ofthe actual density with 
a 0.05% probability ofbeing incorrect. Based on the formula :n =[(2 SD)"" (xM)]2, where: 
n =number of samples required, SD =standard deviation, x =desired level ofaccuracy (i.e" 
10% = 0.1), and M = mea.n unionid density baSed on samples collected. Numbers within· 
rectangles indicate the number ofsamples collected met or exceeded the number of samples. 
required for each level ofaccuracy (%). 
(a) 1994 (9S·samples) 





























35.59 . 21.26 
10.34 7.51 















































































30% 40%· 50% 
....,--U· ~ r--­4 
16 9 .6 
23 13 8 
25 14 9 
33 19 12 
58 32 21 
58 . 33 21 
1 I 68 43 
169 95 61 
235 85 
354 199 
484 272 174. 
591 333 213 
. 605 340 21S· 
628 353 226 
711 400 256 
880· 495 317 
1111 625 400 
1289 725 464 
1289 725 464 
1846 1038 664 
2500 1406 900 
3136 1}64 J.l29 
4444 2500 1600' 
4444 2500 160b 
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Table B-3. Calculated number of quantitative samples required to estimate unionid species density at 
Case-ill (RM 488.5) in (a) 1994 (72 samples 'collected) and (b) 1985 (6. samples collected) 
within x% of the actual. density with a 0.05% probability of being incorrect. Based on the 
formula: n = [(2 SD) -;. (xM)]2, where: n =number of samples required, SD= standard 
deviation, x = desired level ofaccuracy (Le:, 10% == 0.1), and M =mean unionid density based 
on samples collected. Numbers within rectangles inciicate the number of samples collected 
met or exceeded the number of samples required for each· level ofaccuracy (%). 


























































































































































(b) 1985 (6 samples)	 Density (1m2) Samples Required 
Species Mean SD 10% 20% 30% 40% ·50% 
,-..­
3 
Amblema plicala 16.30 7.30 80 20 9 
Truncilla lruncata 34.30 15.20 79 20 9 
3 
Obliquaria reflexa 4.20 2.00 91 23 10 . 4 
Ellipsaria lineolata 15.50 8:00 107 27 12 CD 4 
Leptodeafragilis 20.20 10.80 114 29 13 7 5 
. 15 6'Truncilla donaciformis . 7.30 4.30 139 35	 9 
Quadrula pustulosa . 22.70 14.80 170 43 19 II. '"7 
Quadrula quadrula 2.80 2.00 204 51 23 13 8 
POlamilus alalus 6.20 4.70 230 57 26 14 9 
Megalona'ias nervosa 2.70 2.20 266 66 . 30 17 II 
Lampsilis cardium 1.20 . 1.10 336 84 37 21 13 
Quadrula nodulata 0.50 . 0.50 400 100 44 25 16 . 
Fusconaia flava 0.70 . 0.80 . 522 131 58 33 21 
Utterbackia imbecillis 2.70 4.00 878 219 98 55 35 
Potami/us ohiensis 0.70 1.l0 988 247 110 ·62 40 
Quadrula me/anevra 0.30 0.50 .. Ull 278 123 69 44 
Arc/dens confragosus 0.30 b.50 .. I'll I 278 123 69 44 
Ligum/a r.ecta 0.30 0.50 1111 278 123 69 44 
Obovaria olivaria • 0.30 0.50 1111 278 123 69 44 
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Appendix C 
Density distributions based on shell length 




Density distributions based on shell length
 
f]
 Pool 15 of the Upper Mississippi River
 
fi ' Description Page,I' , ---------------'-­
,Part I. Density distributions for unionid species from Sylvan Slough 
, (RM 485.8), Case-lli (RM 488~6), and Illiniwek (RM492.4), 
'1994-95. 
Figure C-l : 
Figure C-2 : 
Figure C-3 : 
Figure C-4 : 
Figure C-5 : 
Figure C-6 : 
Figure C-7 : 
Figure C-8 : 
Figure C-9 : 
Amblema plicata- Threeridge 
Megalonaias nervosa- Washboard 
Quadrula quadrula - Mapleleaf 
Quadrula pustulosa - Pimpleback 
Leptodea jragilis - Fragile papershell 
Ellipsaria linealata -Butterfly 
Obliquaria rejlexa - Threehorn 
'Truncilla truncata - Deertoe 
Truncilla donaciformis - Fawnsfoot 
Part II. Density distributions for unionid species at Sylvan Slough 
(RM 485.8) from 1983, 1985, 1987, and 1994-95. ' 
Figure C-IO : 
Figure C-ll : 
Figure C-12 : 
Figure C-13 : 
Figure C-:14 : 
Figure C-15 : 
Figure C-16 : 
Figure C-17 : 
Figure C-18 : 
Figure C-19 : 
Amblema plicata - Threeridge 
Megalonaias nervosa - Washboard 
Quadrula quadrula' - Mapleleaf' 
Quadrula pustulosa - Pimp1eback , 
Quadrula metanevra - Monkeyface 
Leptodea jragilis - Fragile papershell 
Ellipsc;zria lineolata - Butterfly 
Obliquaria rejlexa - Threehom 
Truncilla truncdta -Deertoe 
Truncilla donaciformis - Fawnsfoot 
, Part III. Density distributions for unionid species at Case-IH (RM 
488.5) from 1985, 1987, and 1994. 
Figure C-20 : 
Figure C-21 : 
Figure C-22 :' 
Figure C-23 : 
Figu're C-24 : 
Figure C-25 : 
Figure C-26 : 
Figure C-27 : 
Figure C-28 : 
Amblema plicata - Threeridge 
Megalonaias nervosa - Washboard 
Quadrula quadrula - Mapleleaf 
Quadrula pustulosa.;, Pimpleback 
Leptodeajragilis -Fragile papershell 
Ellipsaria lineolala - ButteI'(lY' 
Obliquaria rejlexa - Threehorn 
Truncilla truncata - Deertoe ' 
Truncilla donaciformis - Fawnsfoot 
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Density distributions for· unionid species from Sylvan
 
Slough (RM 485.8), Case-IH (RM 488.6), and
 
Illiniwek (RM 492.4), 1994-95.
 
Descrip_t_io_n 
Figure C-l : Amblen1a pUcata - Threeridge 
. Figure C-2: Megalonaias nervosa -Washboard 
Figure C-3: Quadrula quadrula -Mapleleaf 
Figure C-4: Quadrula pustulosa - Pimpleback 
Figure C-5: Leptodea fragilis - Fragile papershell 
Figure C-6: Ellipsaria lineolata - Butterfly 
Figure C-7: Obliquaria reflexa - Threehom 
Figure C-8: Truncilla truncata -Deertoe 



















Figure C-l.	 Density distribution based on shell length ofAmblema plicata (Threeridge) from three sites in Reach 15 of the Upper 
Mississippi River, 1994-95" 
Species: Amblema plicata 
Site: "Reach 15 (UMR) 
Year: 1994-95 
Shell length interval (inch) 
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o = nwnber ofquantitative samples collected. 
A = Total area (m2) of n quantitative samples. 
x= mean densily from n qUantitative samples_ 
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Figure C~2.	 Density distribution based on shell length ofMega/o/lwas fll'rl'OSa (Washboard) from three sites in Reach 15 ofthe Upper 
MisSlssippi River, 1994-95. 
Species:	 Megalonaias nervosa 
Site: Reach 15 (UMR) 
Year: 1994-95 
Shell length interval (mm) 
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Shell length interval (mm) 
o = number ofquantitative samples collected. 
A = Total area (m2) oCn quantitative samples. 
x= mean density from n quantitative samples. 
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Figure C-3.	 Density distribution based on shell length ofQuadnJla quadrola (Mapleleaf) from three sites in Reach IS of the Upper 
Mississippi River, 1994-95. 
Species: Quadrula quadrula 
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Figure C-4.	 Density distribution based on shelliellgth of Quadrulapus/Illosa (Pimpleback) from three sites in Reach 15 ofthe Upper 
Mississippi River, 1994-95. 
Species: Quadrula pustulosa 
Site: Reach 15 (UMR) 
Year: 1994-95 
I .." 11>1\K"A)' .Ibn.ny.ek~\",~u..:7.9.z...4 . 
5 15 25 35 45 55 65 75 85 95 105 115 
Shell length interval (mm) 
n == nwnber ofquantitative samples collected. 
A = Total area (m2) ofo quantitative samples. 
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Figure C-S. Density distribution based on shell length ofLeptodeafragilis (Fragile papersheJl) from three sites in Reach 15 of the 
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Figure C-6.	 Density distribution based on shell length ofJ~/lip.Wlna l/fIcolala (BuHcrlly) ti'om three sites in Reach 15 of the Upper 
Mis~issippi River, 1994-95. 
Sp'ecies : Ellipsaria lineolata 
Site: Reach 15 (UMR) 
Year: 1994-95 
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Figure C-7. Density distribution based on shell length ofOb/iquaria reflexa (Threehorn) from three sites inReachl 15 of the Upper 
Mississippi River, 1994-95. . 
Species: Obliquaria reflexa 
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Figure C-9.	 Density distribution based on shell length of Truncilla donaciformis (Fawnsfoot) from three sites in Reachl 15 or the 
Upper Mississippi River, 1994-95. 
Species:	 Truncilla donaciformis 
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Density distributions for unionid species at Sylvan
 
Slough (RM 485.8) from 1983, 1985, 1987; and 1995.
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Figure C-I0: Amblema plicata - Threeridge . C-13 
Figure C-ll: lvlegalonaias nervosa - Washboard C-I4 
Figure C-12: Quadrula quadrula - Mapleleaf C-15 
Figure C-13: Quadrula pustulosa - Pimpleback C-16 
Figure C-14: Quadrula metanevra - Monkeyface C-17 
Figure C-15: Leptodea fragi/is - Fragile papershell C-18 
Figure C-16 : Ellipsaria lineolata - Butterfly C-19 
Figure C-17: Obliquaria reflexa - Threehom C-20 
Figure C-18: Truncilla truncata - Deertoe C-21 . 
Figure C-19: Truncilla donaciformis .. Fawnsfoot C-22 . 
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Figure C-IO.	 Density.distribution based on shell length ofAmblemaplicata (Threeridge) from ;:)Ylvan ""IU~!5l1 'm" V-"'~A ._~. _, 
15 of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. . 
. '.. Species: Amblema plicata 
Shell length interval (inch) Site: Sylvan Slough (RM 485.8) 
3.0 0.20 0.59 0.98 1.38 .1.77 2.17 2.56 .2.95 .3.35 .3.74 4.13 4.53 Year: 1983, 1985, 1987, and 1994-95 
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Shell length interval (mm)
 
o = number ofquantitative samples collcctcd.
 
A = Total area (m2) ofn quantitativc samples.
 
X = mean density from nquantitativc samples.
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Figure c-t1.	 Densjty distribution based on shell length ofMeKalollaltls IIavo.'>O (Washboard) from Sylvan Slough site (RM 485.8) in 
Reach 15 of the Upper Mississippi River, 1983, 1985, In7, and 1994-95. 
Species: Megalonaias nervosa 
Shell length interval (mm) Site: Sylvan Slough (RM 485.8) 
4.0 0.59 1.38 2.17 2.95 3.74 4.53 5.31 6.10 Year: 1983,1985,1987, and 1994-95 
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Shell length interval (mm)
 
n = nwnber ofquantitative samples collected.
 
A = Total area(m2) ofn quantitative samples.
 
X= mean density from nquantitative samples.
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Figu r-e <:-1..2. Density distribution based on shell length of{}1I11drulu qlllldrulu (Mapleleaf) from Syl~an Slough site (RM 485~8) in 
Reachl15 of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. . 
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o = number ofqucint.itative samples collected.
 
A == TotaIarea (m2) ofn quantitative ~mples.
 
x= mean densily from nquantitative samples.
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Species : Quadrula quadrula 
Site: Sylvan Slough (RM 485.8) 











Figure C-13. Density distribution based on shell length OfQIIlldrulal'"s'"lo.m (Pimpleback) from.Sylvan Slough site (RM 485.8) in
 
: i i .Reach 15 ofthe Upper Mississippi River; 1983, 1985, J987. and 1994-95. '.
 
Species: Quadrula pustulosa 
Shell length hiterval (inch) Site: Sylvan Slough (RM 485.8) 
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o ~ 1twnber ofquantltative samples collected.
 
A = Total area(~) ofn quantita.tive samples.
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Figure C-14.	 Density distribution based on shell length ofQuadrola me{tinevra (Monkeyface) from Sylvan Slough site (RM 485.8) in
 
Reach 15 of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95.
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Ii = nwnber ofquantitative samples collected.
 
A = Total area (rnZ) ofn quantitative samples~
 
X = mean: density from n quantitative samples.
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Figure C-15..Density distribution based on shell length ofLep/odeafmxili.'i (Fragile papershell)from Sylvan Slough site (RM 485.8) in 
. Reach 15 ofthe Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
. Species: Leptodea fragilis 
Shell length interval (inch) Site: Sylvan Slough (RM 485~8) 
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Figure C-16.	 Density distribution based on shell lengthofEllipsaria linea/ala (Butterfly) from Sylvan Slough site (RM 4~5.~) inRcach 
15 ofthe Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
Species: Ellipsaria lineolata 
Site: Sylvan Slough (RM 485.8) 
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Fi~ure c-t7. Density distribution based on shell length ofOh/iquaria reflexa (Threehorn) from Sylvan Slough site (RM 485.8) inR~ch 
150f.the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
. Species : Obliquaria reflexa 
Shell length interval (inch) Site: Sylvan Slough (RM 485.8) 
Year: 1983, 1985, 1987, and 1994-95 
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n = IllJIllber orquantitative samples collected. 
A = Total area (nt2) orn quantitative samples. 
x= mean density from n quantitative samples. 
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Figure C-18. Density distribution based on shell length of Truncil/a truncata (Deertoe) from Sylvan Slough site (RM 485.8) in Reach 15 
of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
Shell length interval (inch) 
0.08 0.39 0.71 1.02 1.34 1.6~ 1.97 2.28 
3.0 ~ 1983 ~ .2.5 
........................................................................... . .
2.0 ~ 
.........-.............................................................. >~ ••••••• •• ..












,:.""... ~''''''~ x=19.8/m%1.0 _...... , . ~ ~ > • ­
0.5 . 
0.0 ~ 
2.5 i 1994-95' t · ·:· ··~····· ..···········~·~ ·····..~··..···:·..· · . 
2.0 - _- -- _ _ _ . 0=116~ 
1.5 _ - _ -~ _ - _ .;. . A=34m%~ 




2 6 10 14 18 2226 30' 34 38 42 46 50 54 58
 
.Shell length interval (mm)
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Species: Truncilla truncata 
Site: Sylvan Slough (RM 485.8) 









Figure C-19.	 De~slty distribution based on shell length of 1nmcillll (/o"lIcijormis (Fawnsfoot) from Sylvan Slough site (RM 485.8) in 
Reach 15 of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
. Species.: Truncilla donaciformis 
Shell length interval (inch) Site: Sylvan Sl.ough(RM 485.8)· 
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n = number ofquantitative samples c:olkcted.
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x= mean densitY from a quantitative samples.
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Density distributions for unionid species at Case-IH 
.(RM 488.5) from 1985, 1987, and i994. 
Descrip_ti_o_n ....P-a""""g~e_. 
Figure C-20 : Amblema plicata.- Three ridge C-24 
Figure C-21 : Megalonaias nervosa - Washboard C-25 
Figure C-22: Quadrulaquadrula - Mapleleaf C-26 
Figure C-23: Quadrula pustulosa - Pimpleback C-27 
Figure C-24 : 'Leptodea fragi/is - Fragile papershell C-28 
Figure C-25: Ellipsaria lineolata· .. Butterfly C-29. 
. . 
Figure C-26: Obliquaria reflexa - .Three horn C-30 
Figure C-27: Truncilla truncata - Deertoe C-31 
Figure C-28: Truncilla donaciformis -Fawnsfoot C-32 
'. 
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.Figure' C-20. Density distribution based on shell length ofAmM:I1Ia plica/a (Threeridge) from Case-IH site (RM 488.5) in Pool IS of 
·the Upper Mississippi River, 1985, 1987, and 1994. 
Species : Amblema plicata 
Site: Case-IH (RM 488.5) 
Year: 1985,1987, and 1994 
Shell length interval (inch) 
0.20 0.59 0.981.38 1.77 2.17 2.56 2.95 3.35 3.74 4.13 4.53 
8.0 j 
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i=14.0/mz 
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Mean Density 6.50 40.60 14.00x= mean density from n quantitative samples. 
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" .. ,
.. ~ .. 
Figure C-21. Density distribution based on shell length ofMega/onaias nervosa (Washboard)from Case-IH site (RM 488.5) in Pool 15 
ofthe Upper Mississippi River, 1985, 1987, and 1994. 
Species : Megalonaias nervosa 
Site: Case-IH (RM 488.5) 
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Shell length interval (mm) 
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x=3.6/m% 
Shell length interval (mm) 
o = number ofquantitative samples collected.. 
A = Total area (m2) ofn quantitative samples. 
x= mean density from n quantitative samples. 
Figure C:"22.	 Density distribution based on shell length of (!uodmlo (11/(/(1,.,,10 (Mapleleaf) from Case-ill site (RM 4885) in Pool 15 of 
the Upper Mississippi River, 1985, 1987, and 1994. 
Species : Quadrula quadrula 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
Shell length interval (inch) 
0.20 0.59 0.98 1.38 1.77 2.17 2.56 2.95 3.35 3.74 4.13 4.53 
20 . 
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.n = number ofquantitative samples collected.
 
A = Total area (m2) of0 quantitative samples.
 
X= mean density from D quantitative samples.
 Mean Density 
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Figure C-23. Density distribution based on shell length ofQuadrulapllstulosa (Pimpleback) from Case-ill site (RM 488.5) in Pool 15 
. of the Upper Mississippi River, 1985, 1987, and 1994. 
Species : Quadrula pustulosa 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
Shell length interval (inch)· 
0.20 0.59 0.98 1.38 1.77 2.17 2.56 2.95 3.35 3.74 4.13 4.53 
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Shell length interval (mm)
 
n = number ofquantitative samples collected.
 
A = Total area (m2) of n quantitative samples.
 
X"= mean density from" quantitative samples.
 Mean Density 28.40. 61.10 ·21.00 
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Figure C-~~. Densitydistribution based on shell length of~ptodeafragil;s(Fragile papershdl) from Case~IH 'site (RM 488.5) in Pool 
. ;; 15 ofthe Upper Mississippi Riv~r, 1985. 1987, and 1994. 
Species: Leptodea jragilis 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
Shell length interval. (inch) 
0.20 0.59 0.98 i .38 1.77 2.17 2.56 2.95 3~35 3.74 4.13 4.53 
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the Upper Mississippi River, 1985, 1987, and 1994. . 
Species: Ellipsaria lineo/ala
 
Site: Case-IH (RM 488.5)
 
Year: 1985, 1987, and 1994
 
Shell length interval (inch)
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Shell length interval (mni)
 
n = nuni>er ofquantitative samples collected. 
A = Total area (~) ofn quantiiative samples. 
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Jo"il!un' (:-2().	 Density distribution based on shell length ofOhliqlltlrlll n:flt'xtl (ThrcdlOrn) li"om Case-IH site (RM 488.5) in Pool 15 of 
the Upper Mississippi River, 1985, 1987, and 1994. 
Species: Obliquaria reflexa 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
Shell length interval (inch) 
0.71 1.02 1.34 1.65 1.97 2.28 
~~~ " ~.. 0=6 








n = number ofquantitative samples collected. 
A = Total area (m2) ofn quantitative samples. 
'X= mean density from n quantitative samples. 
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Figure C-27.	 Density distribution based on shell length of Trunci//a Inmcala (Deertoe) from Case-IH site (RM 488.5) in Pool 15 of the
 
Upper Mississippi River, ,1985, 1987, and 1994.
 
Species : Truncilla truncata
 
Site: Case-IH (RM 488.5)
 
Year: 1985, '1987, and 1994
 
SheIl length interval (inch)
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Figure C-28. Density distribution based on shell length of TruncilIa dOllllci(or",is (Faw nsfoot) from Case-IH site (RM488.5) in PooI 15 
of the Upper Mississippi River, 1985, 1987, and 1994. . . 
Species: Truneilla danaei/armis 
Site: Case-IH (RM 488.5) 
Year: 1985,1987, and 1994 
..........-: .,; f __ .; ~ - ... 
1 3 5 7 9 11 13 15 171921 2325272931 33353739 
. Shell length interval (mm) 
Shell length interval (inch) 
0.12 0.28 0.43 0.590.75 0.91 1.06 1.22 1.38 1.54 
o = nuni>er ofquantitative samples collected. 
A = "Total area (tn2) ofn quantitative samples. 
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Density distributions based on shell height 
Reach 15 of the Upper Mississippi River 
_________...-;;;;D;.;e;.:;;s.;.;cr:..:;.iption	 Page 
Part I. Density distributions for commercial mussel species from D-2 
.Sylvan Slough (RM 485.8), Cas~-IH (RM 488.6), and 
Illiniwek (RM 492.4), 1994-95. 
Figure D-l: AlJ1blema pUcata - Threeridge D-3 
Figure D-2: Megalonaias nervosa - Washboard D-4 
Figure D-3: Quadrula quadrula - Mapleleaf D-5 
Figure D-4: Quadrula pustulosa - Pimpleback D-6 
Part II.	 Density distributions for commercial mussel species at Sylvan D-7 
Slough (RM 485.8) from 1983, 1985, 1987, and 1994-95. 
Figure D-5: Amblema plicata - Threeridge D-8 
Figure D-6: Megalonaias nervosa - Washboard D-9 
Figure D-7: Quadrula quadrula - Mapleleaf . D-IO 
Figure D-8: Quadrula pustulosa - Pimpleback D-ll 
Figure D-9: Quadrula metanevra - Monkeyface D-12. 
Part III.	 Density distributions for commercial mussel species at D-13 
Case-IH (RM 488.5) from 1985, 1987, and 1994. 
Figure D-IO: Amblema plicata - Threeridge D-14 
Figure D-l1: Megalonaias nervosa- Washboard D-15 
Figure D-12: Quadrula quadrula - Mapleleaf D-16 
Figure D-13: Quadrula pustulosa - Pirnpleback D-17 
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Density distributions for ·commercial mussel species from
 
Sylvan Slougn (RM 485.8), Case~IH (RM 488.6), and
 
IlIiniwek (RM 492.4), 1994-95.
 
__________D_e_s_cr_ip.;;.;ti;.;;;.o,;;,;,n_· ---~P-a· ..ge~ 
Figure D-1: Amblema plicata .- Threeridge D-3 
Figure D-2: Megalonatas nervosa- Washboard D-4 
Figure D-3: Quadrula quadrula - Mapleleaf '0-5 
Figure D-4: Quadrula pustulosa- Pimpleback .D-6 
'.,'." '.. 
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Figure D':'l.	 Dens.ity distribution based on shell height ofAmblema plicata (Threeridge) from three sites in Reach 15 of the Upper 
MissIssippi River, 1994-95.. Species : Amblema plicata 
. Site: Reach 15 (UMR) 
Year: 1994-95 
Shell height interval (inch) 
0.20 0.59 0.98 1.38 1.77 2.17 2.56 2~95 3.35 3.74 4.13 4.53 
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2.5 .S.y.lY-an.SlQugh.~RM.485•.8)···················t············•.................- - ­
2.0 t······································ 
1.5 ~ ~ 
1.0 "." ············t···········r ••••••••••••••••••••••••••••••••• 
g.~ ~..:.~~ ..~.~ ..:::.~::.~.~;~;. M ll'lii~" :ii' .~~:~ , 

















 15 25 35 45 55 65 75 85 95 
Shell height interval (mm) 
n = number ofquantitative samples coIleeted. 
A = Total area (m2) ofn quantitative samples. 












1= minimumconunercial sheIl height = 69.9mm (2.75 inch) 
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Mean Density 3.24 14.00· 10.34 
Figure D-2.	 Density'distribution based on shell height ofMegalonaias nervosa (Washboard) from three sites in Reach 15 of the Upper 
Mississippi River, 1994-95. 
Species: Megalonaias nervosa 
Site: Reach 15 (UMR) 
Year: 1994-95 
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25 0.03 0.03 0.98 
Mm~mmtg iMiJ.~M;ii;m;i :M:M~Ml~mm;;;:liiln~m;t 
35 0.03 0.00 1.)8 
llWm!i:mU: tmiJ.~P.1mi;Ii: i#;;i~Ml~mr:iM :mU¥$ZI;M 
45 0.00 0.06 0.03 1.77 
.l@;$.!BHW: Ma)~~tUmg tMHf».p:W@@ :W;iiiij'».filf;:niii m!W~tmM 
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iilMw.a&UI: MlibWi'-i@t! llMm.tu.~ll@# %lM1iijJ.@llmi: :m~;Il(iM@ 
65 0.07 0.44 0.03 2.56 
WMr4'llWl: Plal41llMf llMl~~:"·JM1Mt f.mlt~di~MllllM 1111l1~'l6.1hM: 
75 0.27 0.50 0.56 2.95 
:mNH.Q.¥m: i~*'~~~Mllii ¥@MJti.JWilW :MWt.armWnl: M;i~J'~WM 
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:::iJil:1U;iiiiHi mmt.4Wli;mim I::ImHlU;~:mmW mWiit$iHit . 
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JiillM);;;it :h~MmM~lM jmm:U~'U~m;lM Ii1i4rt1:lnm: 
Mean Density	 2.24 2.77 
o = number ofquantitative samples collected. 
A = Total area" (m2) of n quantitative samples. 
x= mean density from n quantitative samples. 
! = .minimum commercial shell height = 101.6 rom (4.0 inch) 
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Figure 0-3.	 Density: distribution based on shell height of QUlldrula qlllldruia (Maplcleaf) from three sites in Reach 15 of the Upper 
Mississippi River, 1994-95. .Species: Quadrula quadrula 
Site: Reach 15 (UMR) 
Year: 1994-95 
Height 
Interval I-::-::---r~~~-'-T""*-;-:---;---t inch 
J-lo~~ < 0.20 
tijrrM.~9.:: ;:;:;:;:::::::::;:: ltll$.ftlll 
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Mean Density	 1.85 2.61 1.33 
0= number of quaJ;lti~tivesamples collected. 
A = Total area (m2) ofn quantitative samples. 
X= mean density from n quantitative samples. 
~ = minimum corrunercial shell height =63.7mm (2.5 inch) . 
; t 
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Figure D-4.	 Density distribution based on shell height ofQiJadrula pustulosa (pimpleback) from three sites in Reach 15 ofthe Upper 
Mississippi River, 1994-95. 
Species: Quadrula pustulosa 
Site: Reach 15 (UMR) 
Year: 1994-95 
5 15 25 35 45 55, 65 75' 85 95 105 115 
Shell height interval (mm) 
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:llM1.4llmM lm!t~lw.@m mMll;1\tmli@i mmi:a.~ij$mmm:mftl%ZfiM 
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65 0.06 0.44 0.41 2.56 
~tiK~~lj.1.}IMM iHi1,116.Wlll' 
0.07 2.95 . 
mllll~WJ)Wllllll: :m~~m:~mw 
0.04 3.35' 
o == number ofquaDtitative samples ,collected. 
A = TQtal area (JIi2) ofn quantitative samples. 
x = mean density from n quantitative samples. 











Mean Density 14.12 21.00 16.17 
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Part II.
 
Density distr~butions for commeorcial mussel species at Sylvan
 
Slough (RM 485.8) from 1983, 1985, 1987, and 1994-95.
 
Description Page 
••• ; ,., -"0" .,•• 
Figure D-5: Amblema plicata -0 Threeridge D-8 
"Figure D-6: Megalonaias nervosa - Washboard °D_9 ° .~... .. 
Figure D-7: Quadrula quadrula - Mapleleaf D-10 .. " ..-._ ..... 
Figure D-8: Quadrula pustulosa - Pimpleback D-11 
.-.-.......
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Figure D-5. Density distribution based on shell hight ofAmblema plicata (Threeridge) from Sylvan Slough site (RM 485.8) in Reach 
15 of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
Shell height interval (inch) . 
0.20 0.59. 0.98 1.38 1.77 2.17 2.56 2.95 3.35 3.74 4.13 4.53 
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Shell height interval (mm) 
o = number ofquantitative samples collected. 
A =T~ area (nt2) ofn quantitative samples. 
x= mean density from.it quaititative samples. 
;. = minimum'commercial shell height = 69.9 rom (2.75 inch) Page D-8 . 
Amblema plicata 
Sylvan Slough (RM 485.8) 
1983, 1985, 1987, and 1994-95 
0.13' 0.06 0.59 
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Figure 0-6. Density distribution based on shell height ofMega/ollaiaslle,."osa (Washboard) from Sylvan Slough site (RM 485.8) in 
. Reach -15 ofthe Upper Mississippi River. 1983. 1985, 1987, and 1994-95. 
Species: Megalonaias nervosa 
Shell heightjntervai (inch) Site: Sylvan Slough (RM 485.8) 
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Figure D-7.	 Density distribution based on shell height ofQuadrula quadrula (Mapleleaf) from Sylvan Slough site (RM 485.8) in 
R~achl 15 ofthe Upper Mississippi River, 1983, 1985, 1987, and 1994-95. . 
Species: Quadrula quadrula 
Site: Sylvan Slough (RM· 485.8) 
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! i@Il.::?rJWM i 
Mean Density·· 2.80 
o = number ofquantitative samples collected. 
A = -rotal area (m2) ofrt quantitative samples. 
X = mean density from n quantitative samples. 
1= minimumcommerdalshell height = 63.5 rom (2.5 incl1) Page D-IO' 
. Whitney et al., Unionid Survey - Reach 15 UMR 
Figure D:..8•. Density distribution bas~ on shell height ofQuadrula pustu/osa (Pimpleback) from Sylvan Slough site (RM 485.8) in 
R~chl5 of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
Shell ~eig4t interval (inch) 
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Species: Quadrula pustulosa 
Site: Sylvan Slough (RM. 485.8) 












5 . ,', J5·· ,Z5;,', 35: "::~;4~ . ·~S~": Ji5 .. 75:.; J~5 ·95.: 105 J15: . 
. .,. Sh~~hng.l!~:ipl~lYf.lh(p'w).;. 
n = number ofquantitative samples collected. 
~ = Total areai{'P~) ~r.n qua,t,lti,~~::~ ~Iq; .. ' ." 
:.Y.-,~~IJl$;tPdensiWi~ro,n.9~~~f.1Y€?saJ.llP!~~;'.·; ..... ,<.:; . ; 
.•., .' '1'=tnlni'inum comm~rcia'l shell height = 63.5 'mm (i.s inCh) Page D-11 
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!-'1.can Dens.ity .fO;~O 
Figure D-9.	 Density distribution based on shell height ofQuadrola metanevra (Monkeyface) from Sylvan Slough site (RM 485.8) in 
Reach 15 of the Upper Mississippi River, 1983, 1985, 1987, and 1994-95. 
Species : Quadrulametanevra 
Shell height interval (inch) Site: Sylvan Slough (RM 485.8) 
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. 5 15	 25 35 45 55 65 75 85 95 105 It'S 
Shell height interval (mm) 6.60 9.00	 4.42 
o = number ofquantitative samples collected. 
A = Total area (m2) ofR quantitative samples. 
x~ mean density from n quantitative samples. 
I = minimum comtnercial shell height = 63.5 mm (2.5 inch) Page D-12 
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.Part III.
 
Density distributions for commercial mussel species 
at Case-IH (RM 488.5) from 1985, 1987, and 1994. 
__________D_e_s_cr_ip..;.;;ti;.;"o;;;,;;;,n ..,;;;;.P..;.;;a,g,ge;.-. 
Figure D-I0: Amblema plicata - Threeridge D-14 
Figure D-ll: Megalonaias.nervosa - Washboard D-15 
Figure D-12: Quadrula quadrula - Mapleleaf D-16 
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Shell height interval (mm) 
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Figure D-I0.	 Density distribution based on shell height ofAmblemdplicata (Threeridge) fromCase-IH site (RM 488.5) in Reach 15 of 
the Upper Mississippi River, 1985, 1987, and 1994. 
Species: Amblema plicata 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
n = number ofquantitative samples collected. 
A = Total area (m2) ofo quantitative samples. 
I = mean density from n quantitative samples. 











25 0.43 1.37 0.17 0.98 
:tMllt.4Wll@ nut~~ait{H :;ttl$~WMl IWlm~,«;rMI 1@fl.jj;t~:m@: 
35 0.99 3.00 0.33 1.38 
:iW:ll~(!:mllM: :iXtt~#.~1i@ll ::i:iUl.lWMiHi !ilnl~$.a:mml illl1t~~%mml 
45 0.57 4.37 1.17 1. 77 
\:illlltl\tWm MflU1.if@Wi iM~wMill;: lMJ.~~:MW iilflg\lliiill 
55 1.56 2.87 2.39 2.17 
m@~;mWII t:nl~:%m mllJ.~~gMm: Ilm.~l~lnlm mli~ltd.llmm 
65 3.69 7.25 ·2.06 2.56 
lmlMtilillllmll mlI~lJ.tt.@lm @lY.IIMlll: ;:@jO:mmmlll;l#'j,jt.~lj;\m 
75 2.13 2.50 0.78 2.95 
:nll1H.tlMHl!! tUH#.~M!m nH1.$:!liMl: :M::~nts.mllH :Mi:$~lll$@::tU 








Mean Density 16.30 40.60 14.00 
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Figure D-ll.	 Density distributionbased on shell height ofMega/onaias Ilervosa (Washboard) from Case-ill site (RM 488.5) in Reach 
15 of the Upper Mississippi River, 1985, 1987, and 1994. 
Species: Megalonaias nervosa 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
~ 1985 
5 15 2535 45: ..55. 65 75 85 95 105 115 
Shell height interval (mm) 
o = number ofquantitative samples collected. 
A = Total area (ffil) ofn quantitative ~amples. 
X = mean density from n quantitative samples., 
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85 0.12 0.00 0,33 3.35 
. :mtm:\?rtllmm::UtQ{~$l@:@: :!m~$~tmx :~:u::m~~\mt:! m:tmr~):\mm 
95 0.61 0.13 0.28 3.74 
::tl~ba:~Mf )1;:::;b~1l1i;f :::N:Q~J.~i:1{:r MtQ.~ji.I;iit fii$.:¥4:t:m[ 
105 0.61 0.13 0.00 4.13 
;:mmtif/tlfll:: H;rm~$\::m:\t '1:{':moo:aH\it: lJUto.:&H::j il:fY.iif.itil\Jf 
JJ5 0.12	 4.53 
:Jj:?/J2.i1.l:mt :~K&Jh;:¥flM	 N:r;W:?1:W@? 
Mean Density 2.70 1.90 3.61 
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. Figure D-12. Density distribution based on shell height of Quadrola quadrula (Maple1eat) from Case-IH site (RM 488.5) in Reachl 15 
. ofthe Upper Mississippi River, 1985, 1987, and 1994. 
Species: Quadrula quadrula 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
Shell height interval (inch) 
0.20 0.59 0.98 1.38 1.77 2.17 2.56 2.95 3.35 3.74 4.13 4.53 
2.5 r;:::::::::==:::::;-..............;...&...~..L-.......L.--'--r--'--'~--'--~.L---......;...&...~~
 
2.0 1'--I 1985 __ 
1.5 
1.0 mmUflillllll!11 mtiJ.itP,illW;
'­ 15 :0.00. 0.59 
0.5 
. Wm~tllIWIII ll!lIJn:l.~jil'% t,jf~lt.gMm' 
~ 0.0 t;::!:::==~~~'l.WfJ--r-..,&;;;;;;;;..-~J..=.iL--,.--------..--------.----r-~-i 25 0.16 0.13 0.16 0.98 
@lt~a.@Mllllll.R4~Wl!1 MlP.~~~mM tMo.~q$@M 11it.i;t~t:ll!li:
-€ 2.0 35 0.16 0.50 0.08 1.38.g 1~5 :tlllfl.?liMlllll ;;M!.~mt;lIM: ¥n~tm~;m;i !;mmmUmllli;it.~$.%;;M; 
450.00 2.00 0.24 1. 77 
.m@\.tUj@!!lilm!immt@@ NII.%f IM1Q~#.lmM mlHl~zlmm 
55 0.33 0.25 0.412.17 
;lln~(tl@M :~m~mrei.;liiM: tr.111U~¥~ii~miin~#:~MtJ ;M~;{q;;flr 
.19'4 ~·..···..···········..··..·········.····t·······..·····..· ~ ". 65 0.49 0.50 0.24 2.56 
......................":- -: ···..··-1-··..····..·····..·..····· · ··..····· ·· · . n=72
 MM~r.qiM@l mfg~UI~fm.t !ll~~iliir.~JiMr 
.5 15 25 3545 55· 65 75 85 95 
Shell height interval (mm) 
n = number ofquantitative samples collected. 
A = Total area (m2) ofn quantitative samples. 
x = mean density from n quantitative samples. 
i = minimum commerCial sm;l1 height = 63.7mm (2.5 inch) 
75 . 0.08 2.95 
x=2.6/m% ~:MKW.?tl;M;;i iM$.~il$H;M 
n ~n 







M!~¥:2.i)mlM ,: ?1:WJ7alMf 
Mean Density 2.80 5.50 2.61 
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Figure 1)-13.	 Density distribution based on shell length ofQuadrulapuslulosa (Pimpleback) from Case-IH site (RM 488.5) in Reach 15
 
of the Upper Mississippi River, 1985, 1987, and 1994.
 
Species: Quadrula pustulosa 
Site: Case-IH (RM 488.5) 
Year: 1985, 1987, and 1994 
Shell height interval (inch) 
0.20 0.59 0.98 1.38 1.77 2.17 2.56 2.95 3.35 3.74 4.13 4.53 
20.0 r;=====:::;-,---,-...L.-.-,,--L..--'--",,----,":-'--'--'--'---'------''---'---'----'--oJ-i





15 0.17 L12 0.39 0.595.0 :[l~ti.gan;:~[~w[ m!:p.:&lt@~g~WfhIZ@M :i,:~:Ki)~$.~@:::t mtr&tt;Mm 
:::' 0.0 b==~~UlliJl~~ITf.r;m~---,.-----r--""-.............--,.--.----1 25 2.17 3.12 1.33 0.98 
mt:ll~tMllifmi:mi~mjmllli:l illat4~1tMM Mi:it~i~!ttIJJ JJil~~ffimim~ 15.0 .I .. 1987 0=8 35 5.01 7.12 0.72 1.38o A=8m2 IlfW1Y,i!lt!!!@: :ilt~~u.:}!!lmi tii~$.i4~1l!M
 :tl~i~7~il::i!ii!:!i:!
 !Mtt~~~zriM
-=-10.0 i=61.1/m 2 45 1.00 17.99 3.56 1. 77o






Mean Density 22.70 61.10 21.00 
_
c: 55 1.50 2.00 3.50 2.17Q 0.0 b~~~~~~~.IDq!~=t-.....,..-.-..,.--r--r-~_1 Ii;lj~ljmm¥:[JW1WUim;M l§t$:ti!Ml i.~Wlt~#:4:m;m i.1~\i$lq;@m1994· 65 1.00 0.50 0.44 2.5615.0 0=72 mm~g;li.WIIII MI~i~~;IMI: t:::·:··>D:i:i:j R(!7.iiitM@!'A=18m210.0 75 0~12 2.95 
i=21.0/m2 ':m:M~tBW!lm	 !@!:mit$itt:t5.0 
85	 3,35 
::tffP:I1I:!@[!f	 i&.fWl:i::::::iI 
5 15 25	 35 4555·65. 75 85.95 105 115 
.0.0 L,.---~ ...w~!illJ,Jill~llqf~'t----r-...,..-,....-..,..--r-...,-....,--.,-~.... ~.:«qJ< :m3
Shell height interval (mm) 
o = number ofquantitative samples collected. 
A = Total area (m2) of n quantitative samples. 
X = mean density from n quantitative samples. 
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. "" .Density distributions based on estimated age .. 
.. 
·······r	 Reach 15 of the Upper Mississippi River 
Description	 Page 
Part I.. Sylvan Slough (RM485.8) E-2 
Figure E-l : Frequency histograms of density at age for selected unionid E-3 
.. species from Sylvan Slough (RM·485.8), 1994-95. 
Table E-l : .Density distributions based on estimated age for selected E-4 
.- '. unionid species from Sylvan Slough (RM 485.8), 1994-95. 
Figure E-2 :	 Frequency histograms of density at agefor selected unionid E-5 
species from Sylvan Slough (RM 485.~), 1987. 
Table E-2 :	 Density distributions based on estimated age·fbr selected E-6 
unionid species from Sylvan Slough (RM 485.8), 1987. 
... " t o -'. 
:', 
PattII. Case-ill (RM 488.5)	 . E-7 
:':' 
Figure E-3 : Frequency histograms ofdensity ·at age for selected unionid E-8·. 
species from Case-ill (RM 488.5), 1994. 
.Table E-3 : Density distributions based on estimated age for selected E-9 
unionid species from Case-ill (RM 488.5); 1994 
Figure E-4 : Frequency histograms of density at age for selected unionid E-10 
species from Case-ill (RM 488.5), 1987. 
Table E-4 : Density distributions based on estimated age for selected E-ll 
unionid species from Case-ill (RM 488.5), 1987. 
Part III. Illiniwek (RM 492.4)	 E-12 
Figure E-5 : . Frequency histograms ofdensity at age for selected unionid E-13 
species from Illiniwek (RM 492.4), 1994-95. ' . 
Table E-5 : Density distributions based on estimated age for selected E-14
.. 
unionid· species from Illiniwek (RM 492.4), 1994-95. 
. "'" , 
Page E-l 












Sylvan Slough (RM 485.8} 
Description Page
 
Frequency histograms of density at age for selected unionid E-3 
species from Sylvan Slough (RM 485.8), 1994-95. 
Oensity distributions based on estimated age for selected E-4 
unionid species from Sylvan Slough (RM 485.8), 1994-95. 
Frequency histograms of density at age for selected unionid E-5 
species from Sylvan Slough (RM 485.8),1987. . 
Density distributions based on estimated age for selected E-6 
unionid species from Sylvan Slough (RM 485.8), 1987. 
Species: Scientific - Common (Abbreviation)
 
Amblema plicata - Threeridge (AmPI) 
Megalonaias nervosa - Washboard (MeNe) 
Quadrula quadrula - Mapleleaf (QuQu) 
Quadrula metanevra - Monkeyface (QuMe) 
Quadrula pustulosa - Pimpleback (QuPu) 
Ellipsaria lineolata - Butterfly (EILi)l 
Obliquaria reflexa - Threehom (ObRey 
I - were not aged in 1994-95 survey, age calculated from. shell length using age/length regressi on 
equations from 1987. 
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Figure E-l. Frequency histograms of density (no./m2) at Cl.ge for selected unionid species from Sylvan 
Slough (RM 485.8) in Reach 15 of the Upper Mi ssissippi River, 1994-95. Unionids were 
collected from 116 quantitative samples covering a surface area of 34 m2• 
Estimated Age (years). 
1 3 5 7 9 11 13 15' 17 19 21 23 25 27 29 31 3335 
0.5 r----'--.-...I"---'----..a.-......----.&..-.-J..-..a.-........---......,..&..-.........r======::::;;-,
 























::: 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 '31 33 35 
Estimated Age (years) 
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~ 
Table E-l.	 Density distributions based on estimated age for selectedunionid species from Sylvan 
Slough (RM 485.8) in Re~h 15 of the Upper Mississippi River, 1994-95. Unionids were 
collected from 116 quantitative samples covering a surface area of 34 m2• 
uPu EILi ObRe 
~09 ~47 ~03 
:fmQ~tt"Mlm lnp.i~R.Mil!l JiiliiUl!~ibW 
J. 0.12 0.10 . 0.09 0.03 1.12 0.56 0.36 
t:::mlllilm::mmmllnll:lmm: :lmnlq~i:tilll:: llMij~~l:mm &lP.Ui$.]@@ :Wmf~!l$.IMm @::l!f.~~~mlm!iiIMu.n~~IMII 
5 0.21 0.07 0.22 0.12 1.42 0.78 1.15 
tiM1m~i;@iW:Wiin~~I@M :iii;il~:n$.:tN:::i;@m~t(hM;:: ::;m~d:$ji;iim mt~~~~llinii :iMPt$Wm@::!WmiJ.$.)iMii 
7 0.12 . 0.14 0.06 0.18 0.91 '. 0.25 0.39 
::tt:ll::t$lMmr' mmntaamlM :mllw.J.~ijmnm ·ml:ij~nQt:m:::: ::mrp.l~$.mlll: :mn:~~:l.t@ll: ~::mnlaJmllf: llmml.a:m@ 
9 0.30 0.31 0.13 0.15 1.27 0.65 0.23 
::i::lltl~1j:::iJm::lltiiin~:l~li;iIM w;!n~1i3Wl91:Mn,,~~~:niM m;;:~~1M;W ::;;m~~'tltMn li::::tt~t(~I;miJ; .;Wi:~~:tamM 
11 0.15 0.17 0.16 0.28 0.84 0.37 0.03 
:!illigW~JMjM ':min~J.%Mlt l~%n1i~lim@ mi;lQ;p~M@ :mnnt$:liilM ::Ml~n6.:"m;m :jinm$!4WU1{ 
1J 0.18 0.20 0.03 0.12 0.57 0.25 
llllltlJ,!r:ll::WM .!I@~~~aMM mlln~~$mllm ·llllll~nI~:@m IM::~:W;umm: ::l@~~~~;@ml ::::nn~~$:mm 
15 0.15 0.10 0.03 0.31 0.18 0.19 . 
::;::::;nrrp::::ii::mii::::l:;n~Q.:~mi!ll· MilPtnnn:ll'tM:iiq~P.~lii::t mmna~:;n::::::: :miin~t.:$.;:lll;: :iM;p.{:~1iimW; 
17 0.15 0.00 0.03 0.31 0.06 0.06 
:'111:';:::'llW:ml::fl:fmqn!~WM :lm(l~q~;mm:: t:lmi:i(l~glml ;M)i~lj@lM mllq~l).aMM 
19 0.03 0.00 0.03 0.06 0.03 
:fil::i:iW:P:W:tm :miin~J1~tmii! J@~~ijmmNlWlmMllw.$ iMBm:$1Wmi 
21 0.15 0.03 0.06 0.25 
iftt:ir.,zm::m:li ,:I@UUlSMm @!I~J.ij~mlm::IM::m(lQmm !lmQ:~t.~m!H 
23 0.03 0.00 0.00 0.15 
::@tlt¥MiH! mmn~~$@W :tmntnn;mmHlllHtiUMM @\;Q't.l1:~#~l 
25 0.03 0.00 
::::i;;;::!\f4WiilM mljP..W:il~IMl;l :n~~inpg;;n 










Mean 3.25 2.24 1.85 4.42 14.15 6.80 3.94 
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C 
Figure E-2. Frequency histograms of density (no./m2) at age for selected unionid species from Sylvan 
Slough (RM 485.8) in Reach 15. of the UpperMississippi River, 1987. Unionids were 






Estimated Age (years) 
3 5 7 9 11 13 15 17 19 21 23 
.................................................................................................................................................................... 








































Ellipsaria lineolata .. 
. x=6.1/m1 





1 3 5 79 11 13 15 17 19 21 23 25 27 29 
Estimated Age (years) 
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Table E-2.	 Density distributions based on estimated age for selected unionid species from Sylvan 
Slough (RM 485.8) in Reach 15 of the Upper Mississippi River, 1987. Unionids were 
collected from 8 quantitative samples covering a surface area of 8 m2 • 
EILi ObRe 
0.25 ' 0.25 
"lM.. )I.5.M@ :@tU.HjW1Mli:ml~1~1.1tml 
,1.00 0.64 0.38 
ml:~~w.~U:IlNnn~mm 
. 0.13 1.13 0.89 0.25 
nflSlmtt :mll~la@@ lK~~s.~;mm;mto.~$I:mm 
0.25, 6.38 1.14 0.63 
. M~#.~~$;m;r :;;ml~5tmml! 
9 0.50 0.13 0.13 0.38 2.88 0.13 
i:::i:~~::;iilt1!:il!nm ::ini~~i.I@# :iit:iq~n!llti::t::ii:~:::Q~~iil!!::::: r!!.M1.;~,;nn::: iMU:~ja:miit }H::(fll:$t:::;;m 
11 0.25 0.00 '0.00 0.63 0.63 0.51 
:!{::tlllll::!!I:lllm: ;tmQ~"IIllm :1@l;$U:tl;mlll:tn~l.?j:iI!tl:~ :~i:::l:i:q~~IItIt ;il:~m~~:J.~lmmi imEQ~~~iIi::if::~ 
13 0.38 0.00 0.26 0.75 0.50 ' 0.13 
:Il!il!~~:!tl!!i} 1ii!i!n~a.:~ii;:t::: :iii:~::J.U:~i{~!iI!;:: ,m::!J1:~ila~iml!!~ i:i::l!i~:tt~:i::m::;:~ jnin~~$.:ttm 
15 0.63 0.13 0.00 0.25 0.13 
::i:::::@:lliimltl:~: ::tmn~:ta:!lnt ;::I:::I.{aB.!mtl!~m!tIHIQt:!:ml I!:;mlt.$.;~:mt!:;: mmn~~:lm!;l 
17 0.13 0.13 0.00 0.38 0.25 
::!:::::::!I!ill~::mmr:f!rA~n~:::tt;: :::l!:::ip.m~mm:::! '::!t::::~~tf:~:imn: !:iill[Q~~~:mnt :NtA~~~!1l:!i;;:i!:! 
19 0.00 0.13 0.00 0.13 0.50 
::i:I!:!mlt.fbillml:iWlu.~1;s.1l1m INiUJ.mlE;iilln:ttQ:llllt:! jllHlt$.lmm: i:l@muUmmt 
21 0.00 0.13 '0.13 0.00 0.00 
:::g@~~:I::::mM :::imQ~:I~liml ImJ!~);IJMI:: ,1!tJo.~M;I@li!I !:ll;l!g4.1~:f!lll 
23 0.00 0.00 0.00 0.13 
:m:;;;il#.@lriiii: :'imn~g;;Ki;: :ii;;;I~p.Q:;;;j:nij:;~np~pqnM:; MHnaBt;;W;: 
25	 0.00 0.00 0.00 
,:'fW!lttW:@:i~@ljlllrin~jn:IrIm ::lm.It.I~@ijt 




i@!ii!&iJiliiH!!I . f.W{~· :l" /::..:.~ :WIJ.~\tl:tiM
 
Mean 6.50 14.50 1.30 9.00 28.40 6.10 4.90 
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. Case-IH (488.5) 
Description	 Page
 
Frequency histograms of density at age for selected unionid 
species from Case.:rn: (RM 488.5), 1994. 
Density distributions based on estimated age for selected E-9 
unionid species from Case-rn: (RM 488.5), 1994 
Frequency histograms of density at age for selected unionid E-IO 
species from Case-IH (RM 488.5), 1987. , 
Density distributions based on estimated age·for selected E-ll 
unionid species from Case-ill (RM 488.5), 1987. 
Species: Scientific - Common (Abbreviation)
 
Amblemaplicata - Threeridge (AmPI) 
Megalonaias nervosa - Washboard (MeNe) 
Quadrula quadrula - Mapleleaf (QUQU) 
Quadrulametanevra - Monkeyface(QuMe) . 
..	 Quadrulapustulosa - Pimpleback (QuPU) 
Ellipsaria lineo/ata - autterfly (EILi)! 
.Obliquaria reflexa - Threehom (ObRe)l 
I _ were not aged in 1994-95 survey, age calcul ated from shell length using agel! ength regressi on 
equations from 1987. ' . 
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figure E-3.	 Frequency histograms of density (no./m2) at age for selected unionid species from Case-lH 
(RM 488.5) in Reach 15 ofthe Upper Mississippi River, 1994. Unionids were collected 
from 72 quantitative samples covering a surface area of 18 m2• 
Estimated Age (years) 





1.6	 ~............................................................ Amblema plicata ..
 
0.8 ~	 Megalonaias.nervosa .. 
0.6 .	 L..- x=3.6/m2 ---I•••••••••••••u	 . 
0.1 .__ ." 





0.0 ~.w:a:~lJlll'IJ~~WililJWJiiii~..-li';;;...........---.---:-or-- --:--;:::::!:::~=======;l 
~ 0.4 , ; ; , ; ; ; : Quadrula metanevra .. 
0.3	 x=O.8/m2
.­ 0.2 .. : .. 
1.6	 Ellipsaria lineolata .. 
x=13.8/m2 .. 
.. .. u •••••••••• •• • ••••••••• ···.··~·•••• ••••••• . 
o.o.u+~~W.l~~~~L-.=.t~......-'""T""--r--"'l~ .....-~....Ii~--.,....---.--...,.....-~ 
1 3 5 7 9 11 131517'19·2123252729313335 
Estimated Age (years)' 
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23 0.21 0.06 O.OQ 0.11 0.00 . 0.00 
::II::::;mtln::m::!!:!IW):Q~:l:~i:I)ti{ :IEI~;nnImmmm~n~i):III::::I ~IiI)JgQQtH{::tI:[o.WlQ:mm:, 
25 . 0.10 0.00 0.00 0.00 0.00 
!iil::l::i.~~:;::):i:;::Ii::ti:tf.ntPi:)iiIitM:::!Q~mHIWi :i: @Hn{ao.m:)ti:)MH!~Q~Mti:: 









Table E-3.	 Density distributions based on estimated age for selected unionid species fromCase;,.lli 
(RM 488.5) in Reach 15 of the Upper Mississippi River, 1994. Unionids were collected 
from 72 quantitative samples covering a surface area of 18 m2. 
Age 
rs EILi ObRe 
. 1 0.71 0.33 
!:i:iiIliiIilt!:iiIli:iIi!I iii:i:litf.~!J.W.i:iii:i:ti:i	 :::.:.:::.: :iiiii:i:~QJ§.qi:!!i::Ji:i;i:!!@:Q~$1.;?ii'i;i!; 
3 0.21	 0.16 1.09 0.71 1.92 
:JlW:i~rm:i:::i::::I :::ii@iQ~4~m:i::I:i:: itiIiJKQ~t::::m::tHm~t.tm::::i::::~);~IMttnW:;::[m)n:n4~::::::i)::::::: ·:mIa~~4]:j\:t! 
5 0.47 0.00 0.16	 1.09 1.31 1.43 
::!:!:r:::::i:~r:;:J!i!!:}!ml:!~~v.$.:::!im::! :mnt~l!tWWiI ·r:::::::u.~:))~}mli Wm~~$,~m}:@! mt))~:~n:::::::::::;::: ·:;::i::;it.~:J$.ii:::;I::i 
7 1.09 0.61 0.27	 0.92 1.31 0.82 
ii:i::i:m::[~::!I1;::::i):::::ii:~::::JJ~$.::tr:::i ::!!m:):Q~~~i~ritii: Iii::mU~~i!::;::I: i::::::::::~Wl;ij:m::::::::r:: ·.:;::nl.~~:~:r!;::!r J!:i:::U!~J:~:;!:):::i::::~:: :::::::::~:~g§~:::;::;i;:: 
9 1.09 0.22 0.16 0.11 2.50 1.15 . 0.27 
!I:IIi!llE:::;:I:i::: ::::::!!:!!I~f:tJ.Ii:!i:::::~:)::::tQ;~~::::::t:;)iiiJ)p';gfnit::!:i: :::I!::iQ;Z.~:i)::!::·:i:::.:::::;;::gg§~::ltii:} :ItI;::I~~I::i;:i::::ii: !Ii::;:p.~Q$.I:;::::i: 
11 0.88 0.44 0.32 0.06 2.28 0.98 0.11 
·;:i:::::.:J).~$.:$.::::lt:t::::::::jt~J.;~MH~::;tIi;m:;l.: :t;;:!:::!:::; :@I;ij'H)~:;;:mMn;:::J.1~r.~:;:ttm )t:IQ.{~$.Ed;!tM(r~,)mi:;;::; 
13 0.68 0.17 0.16 0.00 1.36 0.44 0.16 
n:::::!!!:!:it:¥:::!:!:;!:r:;i;::r::::ma3::W:::;::Im::!!m9.mr::~:: .:m:i:;iio.~:OOr:f11 :::;lp.:nlUmm!:I:%!t~liJ,)I;m!l:H!}$$!:::::t::!!I)rtf.J~QI~:::;i: 
15 0.88 0.17 0.05 0.00 0.43 0.16 0.05 
mr:iJ::¥~tJ:t:J::i:: :tji~W#.:~ffit::i:i:@j1.~P'qf:i:::::i:::i ::ii::r!fi~nq!::t:::!::: i:::iit~}fi:9.W:i)!J: ::i/ip.~~~:)r:::r::::J:#KP.~!:i::i::i:i:i: ·i})i:i@);fi%Jf 
17 0.42 0.11 0.00 0.00 0.38 0.050.00 
::i:;!:Ii:mtBii:iJ:I!:!it: ::iIlU~$.:fiitl){:: :i:::::::I(fJ.l::l.):IEt:: .){:I):iijWUl)::{i!!!)::: ::II)HUmnWI::i::;):Iml;t'!I{:!I :lmi:(f;UUi:i:::t):i:: t:I:::::01U$.:t::tt 
19 0.16 0.22 0.00 0.06 0.22 0.05 0.00 
iiiiiMfll:)!):;):::m:)); J::t::~W~!:;::;m;: i:;::::::l'f.~~~i.i.iNi:;::i::i;mmIi:m:::: :i,!ii:::~;~q,~I@jj:n:mj~b.:~?;::lf: :::im~~;U~i::;;mii::m:~;~:~:::;;::::::; 
21 0.26 0.11 0.00 0.06 0.00 0.00 0.05 
::ImmlZz:mmil:I:m~::P.~:l'§.Mrt tm~;'j:l.llmm HIIi9~mmml@fQ~nnmI!:ii:: ;mtmti:o.:J!@~ m:tWU;sffi 
Mean 14.00 3.61 2.61 0.83' 21.00 13.78 9.17 
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Figure E-4.	 Frequency histograms ofdensity (no.lm 2) at age for selected unionid species from Case-ill 
(RM 488.5) in Reach 15 ofthe Upper Mississippi River, 1987. Unionids were collected 
from 8 quantitative samples covering a surface area ofS m2 • 
.Estimated Age (years) 
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 










7 9 11 13.. 15 17 19 21 23 2S 27 2931 
.. :. ~ : ; . 
Estimated Age (years) 
Page E-IO 
Whitneyet al. , Unionid Survey - Reach 15 UMR 
Table E:·4. Density distributions based on estImated .age for select~d'uni'onid species lfom Case-rH 
(RM4885) in Reach 15 ofthe tJpperMis~is~.ippi Ri.v~r, lQ87.Upionids were collected 
: from 8 quantitative samples covering a surface area of 8 m2• 
uMe EILi·· ObRe 
'0.13 '. 0.63 .:. 0.38 
......................", jijfil)tiUt'ffiW! mm1.1U~mK¥ HWt.fl.l~mmlllNJjlt.mMm
 
3 . 0.87.. 0.38' 0.25 0.13 2.13 5.13 . 3.41 
!Mii;mi.\iii;;;m~! iM;;(~i'-imlM !Wlp.nJ.nN~M@\mM¥Mi MltU;~~illl~i! {i!m~l~~fu&t W~1$.Wi~Mmil;lli@4m~g 
5 3.37 0.25 0.63. 0.26 6.01 4.76'· . .'2:53
 
iiilljlmfii~)jWr@ Wl!$.f.aiSlMW, !liMt12~$.~WiNllm11J$.)Mm ;~IJ,(UmK <"l~fJr.~I~@ i.WJ3.}J.~mml tMlbB.$.lM{
 
7 2.50 0.00 1.00' . 0.00 24.92 2.25 . 0•.76 
::;l[iSm:t:::w:: ;::fMiJ'a~m~W M1JllMWW;illMq,fl$.iwmi i@HF.QWr'H iMl%!ll.ialWM tt~~Wif.~M;Mi: m{Q.f$il1~\1 
9 0.87 0.00 0.25 0.13 0.88' 0.50 0.25 ! 
li:i::iMMiPf1%i1:f {HiJHS.Qf.ffiW tW;mnnmiiljjMm~jt~lii%~ iirUUnarMif: ;tmnW:ii.t1iW~ M~l~APMWi MlQfW:$~!m;i 
11 0.7S 0.00 0.25 0.00 0.25 0.50 0.38 
fli/lt~I:;M% iM:IQ;w.ti.~mm l111tf.mUmmlWn:?1.iqi@ll !@P.¥.:llOJllID;: ¥t;n~I~llN~j! Mlm.~~g;WmmttQ.jil~%%t .. 
13 1.00 0.00 0.00 0.63 0.75 .0.00 
i:mi;mtWiMil:m :!;iiI~R~mmlt ~iMip.~nn;m@iWJnriQiimii 'mtm~~f;l! 
15 0.50 0.00 0.00 0.13 
:·f;;M.t'§.j;::;mi:~l @!rli~tz.Smmf mmnn:U];l@ mln{l~:lmt 
17 1.87 0.00 0.00 
:!li!11;::;~~:E:1Ii\}j~ :il1i;~~?$~MM ii!llil11.pp,mm~ ·!iWmp.J))ll!M 
19 3.12 0.13 0.13 
itn!t~l)hMlIt :tii!tl}$'liMit iHiUt.ZSml@ @f. 
21 1.62 0.13 0.25 
Mean 40.60 1.90 5.50 0.90 . 61.10 32.80 14~40 
.. 
't,',,,: • 








Illiniwek (RM 492.4) 
Description Page
 
Figure E-5 : 
Table E-5 : 
Frequency histograms of density at age for selected unionid 
species from Illiniwek (RM 492.4), 1994-95. 
Density distributions based on estimated age for selected 
unionid species from Illiniwek (RM 492.4), 1994-95. 
E-13 
E-14 
Species: Scientific - Common (Abbreviation) 
Amblema plicata - Threeridge (AmPI) 
Megalonaias nervosa - Washboard (MeNe) 
Quadrula quadrula - Mapleleaf(QuQu) 
Quadrula metanevra - Monkeyface (QuMe) 
Quadrula pustulosa - Pimpleback (QuPu) 
Ellipsaria lineolata - Butterfly (EILi)! 
Obliquaria reflexa - Threehom (ObRey 
1 _ were not aged in 1994-95 sUlVey, age calculated from shell length using agellength regression 
equations from 1987. , , . 
Page E-12 
Whitney et aI., Unionid Survey. Reach UMR 
Figure E-5.	 Frequency histograms of density (no./m2) at age for selected unionid species from 
Dliniwek (RM 492.4) in Reach 15 ofthe Upper Mississippi River, 1994-95. Unionids 
were collected from 98 quantitative samples covering a surface area of 29 m2• 
Estimated Age (years) 






0.4 Quadrula quadrula .. 
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Table E-5. .Density. distributions based on estimated age for selected unionid species from Dliniwek 
(RM 492A) in Reach IS ofthe.UpperMississippi River, 1994-95". Unionids were 
collected from ·98 quantitative samples covering a smface area of 29 m2• 
EILi ObRe. 
3.30 0.21 
mm~mIW¥w. :;~~P'~g~%l ~;Wbt~~~it¥l \l®Wt.P9.Jffi@! :!i@mp.:mW~ !i@f~~ttWlm ~ili~l~t:NMii t~111!}'1.~T~@ 
7 0.09 0.00 1.74 2:37 0.97 
::;I;m~liIMi! ;iHfj&U$.llffw ':!j)${Wi!"ii!FWtY~:iRwn ;l:tu~·~mm~ t@~' iiMO-1.6.iilllWl 
9 0.61 0.37" 0.14 0.03 1.60 2.41 0.25 
Himrl:~:;;;;M mrtK1:,)}f::Mi 5iii:m$4}Mii i@!b.';UftWM: ;~;;ii~~m{IMm lina.~g$.;;;%lm}~t~iim@ N,"l~~~:iNil 
11 0.54 0.28 0.09 0.03 0.95 2.29 0.29 
0.03 
15 0.42 0.06 
17 0.29 0.03 
19 0.34 ·0.09 
21 0.12 0.00 
23 0.07 
25 0.10 
~!i~~~~~tf~1!~~~~~' ~~I~n~fi:~~~~~i~ :fi~~tU'~PWJ~~ 
·33 0.02 0.00 
;i:MitMMM1i ji@l.~n:Qmig; JJlilf!mtMlll 
35 0.02 0.00 . 
::limt&MM :Winl0i2Mlm Nt:.o.1D.A1&m 
Mean 10.34 2.77 
0.23 
0.02 0.03 





1.33. 0.33 16.17 35.02 9.93 
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Unionid mussel recruitment 
Reach 15 of the Upper Mississippi River 

Figure F-l : 
Figure F-2 : 
Figure F-3 : . 
Appe'ndix F 
UnionidmusseLrecruitment 
Reach·IS of the Upper Mississippi River, 
Recruitment ofunionid mussel species at Sylvan Slough 
(RM 485.8), Case-ill (RM 488.5), and Illiniwek (RM 
492.4), 1994-95., 
.Recruitment of unionid mussel species at Sylvan Slough 
(RM 485.8), 1983, 1985, 1987, and 1994-95. 
F-3 
Recruitment ofuniOlud mussel species at Case-IH (RM 




Whitney et aI., Unionid Survey. Reach 15 UMR 
Figure F-l.	 Recruitment ofunionid mussel species at three sites in Reach 15 ofthe Upper Mississippi River, 
1994-95. Length-frequency distributions (Appendix C) were used to calculate percentage (%) 
and density (no./m2) of individuals within the specified size range. 
Recruitment 
Size Percentage (0/1») Density (nojm 2) 
Species (mm) Sylvan Slough Case Illiniwek Mean 
Sylvan 
Slough Case llIiniwek Mean 
Amblema plicata < 30 7.42 3.96 6.59 5.99 0,24 0.56 0.68 0.49' 
Megalonaias nervosa < 30 1.52 0.00 0.00 0.51 0.03 0.00 0.00 0.0] 
Quadrula metanevra < 30 1.40 0.00 0.00 0.47 0.06 0.00 0.00 0.02 
Quadrula pustulosa < 30 30.34 17.73 23.93 24.00 4.30 3.72 3.90 3.97 
Quadrula quadnda < 30 19.68 14.89 ] 6.67 17.08 0.36 0.40 0.22 0.33 
Ellipsaria lineolala < 30 9.59 4.03 9.54 7.72 0.65 0.56 3.34 1.52 
Leptodeafragilis < 30 21.83 56.76 23.88 34.16 0.37 1.17 0.92 ' 0.82 
Obliquaria reflexa < 15 6.99 ' 2.46 4.76 4.74 0.21 0.22 0.48 0.30 
Truncilla {runcata < 15 10.91 11.80 44.83 22.51 0.93 2.13 1.42 1.49 
Truncilla donaciformis < 10 31.43 2.78 0.00 11.40 1.41 0.06 0.00 0.49 
J 'f. 
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" 
Figure F-2.	 Recruitment ofunionid mussel species at Sylvan Slough (RM 485:8) in Reach 15 ofthe Upper 
Mississippi River, 1983, 1985, 1987, and 1994-95. Length-frequency distributions (Appendix 
C) were used to calculate percentage (%) and density (no./m2) of individuals within the 
specified size range. 
Recruitmen t 
Size Percentage (%) Density (no.lmZ) 
Species (mm) 1983 1985 1987 1994-95 Mean 1983 1985 1987 1994-95 Mean 
Amblema plicata < 30 0.00 3.84 9.61 7.42 5.22 0.00 0.38 0.64 0.24 0.32 
Megalonaias nervosa < 30 0.00 0.93 3.45 1.52 1.48 0.00 0.13 0.50 0.03 0.17 
Quadrula metanevra < 30 0.00 7.17 1.78 1.40 2.84 0.00 0.12 0.25 0.06 . 0.11 
Quadrula pustulosa < 30 16.86 16.45 9.72 30.34 18.34 3.50 3.27 2.77 4.30 3.46 
Quadrula quadrula < 30 9.09 1.89 10.00 19.68 10.17 0.25 0.13 0.13 0.36 0.22 
Ellipsaria lineolata < 30 0.00 2.38 4.17 9.59 4.04 0.00 0.12 0.25 0.65 0.26 
Leptodeafragilis < 30 5.40 3.70 10.98 21.83 10.48 0.50 0.37 1.14 0.37 0.60 
Obliquaria rejlexa < 15 0.00 3.13 2.56 6.99 3.17 0.00 0.13 0.13 0.21 0.12 
Truncilla truncata < 15 0.00 0.00 0.63 10.91 2.89 0.00 0.00 0.13 0.93 0.27 
Truncilla donacijormis < 10 0.00 0.00 3.92 31.43 8.84 0.00 0.00 0.26 1.41 0.42 
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Figure F-3.	 Recruitment of unionid mussel species at Case-IH (RM 488.5) in Reach 15 of the Upper 
Mississippi River, 1985, 1987, and 1994. Length-frequency distributions (Appendix C) were 
used to calculate percentage (%) and density (no./m2) of individuals within the specified size 
range. 
Recruitment 
Size Percentage (%) Density (no.lm2) 
Species (mm) 1985 1987 1994 Mean 1985 1987 1994 Mean 
Amblema plicata < 30 3.48 5.23 3.96 4.22 0.23 2.12 . 0.56 0.97 
Megalonaias nervosa < 30 4.55 0.00 0.00 1.52 0.66 0.00 0.00 0.22 
Quadrula metanevra < 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Quadrula pustulosa < 30 21.33 14.73 17.73 17.93 6.06 8.99 3.72 6.26 
Quadrula quadrula < 30 5.88 4.55 14.89 8.44 0.08 0.25 OAO 0.24 
Ellipsaria lineo/ata <30 1.08 4.59 4.03 3.23 0.07 1.51 0.56 0.71 
Leptodea fragilis < 30 11.58 7.12 56.76 25.15 1.20 2.38 1.17 1.58 
Obliquaria rejlexa < 15 0.00 0.00 2A6 0.82 0.00 0.00 0.22 0.07 
Truncilla truncata < 15 0.00 0.36 11.80 4.05 0.00 0.25 2.13 0.79 
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Appendix G 
Commercial Species Age and Growth 
Reach15 orthe Upper MississippiRiver . 
.Descrip_ti_o_n	 P_a...g_e_ 
Part I.	 Summary tables on age and growth of unionid mussels from G-2
 
Reach 15 of the Upper Mississippi River.
 
Table G-l : 
Table G-2 : 
Table G-3 : 
Table G-4 : 
Table G-5 : 
Table G-6 : 
Table G-7 : 
Table G-8 : 
Number ofyears to reach minimum commercial size.
 
Number ofyears to reach sexual maturity.
 
Formulas to calculate unionid age from shell length or height.
 
Formulas to calculate morphological shell measurements .
 
from unionid age. .
 








Formulas to calculate (a) live weight and (b) dry shell weight
 
from shell length or height. .
 
Estimated abundance and weight of commercially sized A.
 
plicata and M nervosa.
 
Part II. Average observed morphological shell measurements of 
commercial mussel species ofvariolls ages from Reach 150f 
the Upper Mississippi River, 1987 and 1994-95. 
Ta ble G-9 : 
Table G-IO : 
Table G-ll : 
Table G-12 : 
Table G-13 : 
Amblema plicata - Threeridge 
Megalonaias nervosa - Washboard 
Quadrula quadrula - Mapleleaf 
Quadrula pustulosa - Pimpleback 
Quadrula metanevra - Monkeyface 
Part III. Calculated morphological shell measurements of commercial 
mussel species of various ages from Reach 15 of the Upper 
~'1ississippi River, 1987 and 1994-95. . 
Table G-14 : Amblema plicata - Threeridge 
Table G-15 : Megalonaias nervosa - Washboard 
Table G-16 : Quadrula quadrula - Mapleleaf 
Table G-17 : Quadrula pustulosa - Pimpleback 
Table G-18 : Quadru1a metanevra - Monkeyface 
Part IV. Growth curves for cOinmercialmussel species from Reach 15
 
of the Upper Mississippi River, 1987 and 1994-95.
 
Figu re G-I : Amblema plicafa - Threeridge
 
Figure G-2 : Megalonaias nervosa - Washboard
 
Figure G-3 : Quadrula quadrula - Mapleleaf
 
Figure G-4 : Quadrula pustulosa - Pimpleback
 
























































Summary tables on age and growth of unionid Uluss~ls.'::·
 








Table G-2: Number ofyears to reach sexual maturity. G-3 
Table G-3: Formulas to calculate unionid age from shell 
length or height. . 
G-4 
Table G-4: Formulas to calculate morphological shell 
measurements fromunionid age. 
G-5 
Table G-5: Illiniwek (RM 492.4) .. regression parameters of _ 
morphological shell measurements. 
G-6 
Table G-6: .Sylvan Slough (RM 485.8) .. regression 
parameters of morphological shellIlleasut~ipents. 
G~7 
Table G-7: Formulas toca1culate(a) live weight and'{b) 
dry shell weight from shell length or height 
G-8 
Table G-8: Estimated abundance and weight of. 
commercially sized A. plicata and M /1ervosB. . 
G-9 
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Table G-l:	 Number of years for five mussel species from Reach 15 of the Upper Mississippi River to 
reach minimum commercial size limit. Age determination based on polynomial regression 
formulas (Table G-3). 
1994-95 1987 











Amblema plicata 2.75 69.85 
(Threeridge) 
Megalonaias nervosa 4.00 101.60 
(Washboard) 
Quadrula metanevra 2.50 63.50 
(Monkeyface) 
Quadrula pustulosa 2.50 '63.50 
(Pimpleback) 
Quadrula quadrula 2.50 63.50 
(Mapleleaf) 
1 _ measured from the center of the hinge side and at a right angle across the shell to the outer edge (shell height). 
Table G-2:	 Estimated number ofyears for five mussel species to reach sexual maturity in Reach 15 of the 
Upper Mississippi River. Values based on observed decrease in distance between growth 
bands on individual mussels collected in 1994-95. 
Estimated years to maturity
 
Species n Mean Std. Dev. Range 
·Amblema plicata 
(Threeridge) 
78 8.19 1.37 6 - 12 
Megalonaias nervosa 
(Washboard) 
29 8.17 1.10 6 - 10 
Quadrula metanevra 
(Monkeyface) 
12 7.17 1.19 5 - 9 
Quadrula pustulosa 
(Pimpleback) 
38 7.58 1.81 6 - 11 
Quadrula quadrula 
(Mapleleat) 
28 8.36 2.00 8 - 11 
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Table G-3.	 Fonnulas to calcuiate unionid age (yrs.) from shell length or height (mm) for species collected in 
Reach 15 of the Upper Mississippi Riverin (a) 1994-95 and (b) 1987. All relationships were 
best described by a third order polynomial regression fonnula. . 
Example: Calculate fu:: age ofaMegalonaias nervosa coll.ected in 1994-95 with·a height of88.9 nun (3.5 inch). 
Calculations:	 y = 0.0000688x3 • 0.00·8'3326x2 +0.4076798x - 3.1385823 
Y= 0.0000688(88.9)3. 0.0083326(88.0)2 +0.4076798(88.9) • 3.1385823 
Y= 0.0000688(702595.37) ·0.0083326(7903.21) + 0.4076798(88.9)·3.1385823 
y =48.3385615·65.8542876 + 36.2427342·3.1385823 
Y=:= .15.59 years old ' (a) 1994-95':'.",,:, 





y =0.0000611x3 ~ 0.0063227x2 + 0,3293202x - 2.0603603 
Y= 0.000l3:52x3 • 0.0103458x2 + 0,3845092x - 1.6220988 
0.9820. 
0.9861 




Y= 0.0000 150x3 - 0.00 17899x2 + 0.1043 503,X + 0.8485574 
Y= 0.0000688x3 - 0.0083326x2 + OA076798x - 3.1385823 
0.9817 
0;9513 





y = 0.0000801x3 - 0.0037934x2 + 0.20 10223x - 0.2367326 
, . . 








y =0.0000611 x3 • 0.0063227x2 + 0.3293202x - 2.0603603 




Species y x Formula r 
Amblema p!icata age length y =-0;0000268x3 +O.0096861x2 - 0.4511657x + 7.~304427 0.9448 . 
age height y =-0.0000463x3 + 0.O.l53635x2 - 0.6001301x + 7.8939737 0.9467 
. Megalonaias nervosa age length y=0,0000 156x3 - 0.0021 194x2 +0.1768499x· 2.1064416 0.9412 
age height y =0.0000410x3 - 0.0037773x2 + 0.22738'56x - 1.7508804 0.9497 
Quadrula metanevra age length y =0.0001.713x3 - 0.0156912x2 + 0.601614Ox - 5.0779275 0.9838 
age height' y::::i 0.0004565x3 • 0.0414700x2 + 1.3772656x - 12.7058843 0.9834 
Quadrula pustulosa age length 'y == 0.0002077x3 • 0.0169617x2 + 0.610889Ox - 4.5812617 0.9818 
age height y =0.0002409x3 • 0.020 1669x2 + 0.7151071x - 5.4470434 0.9741 . 
Quadrula quadrula age length y =0.0001973x3 - 0.0209885x2 + 0.8787901x - 9.2126875 0.8617 
age· , height y =0.0000628x3 + 0.00 13627x2 - 0.0559941x + 2.3033227 0.S073 
Ellipsaria lineolala age length. y =-0.0000249x3 + 0.0089175x2 - 0.4059395x +5.6305060 0.9126 
age height y =-0.0000576x3 + 0.0142301x2 - 0.4725642x + 4.9521332 0.9092 
~.... 
Dbliquaria reflexa age length y =' O.0004491x3 - 0.0351957x2 + 1.037613Ox - 8.6958402 0:9760 
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'. 
Reach 15 UMR. 
Table G-4.	 Regression equati on parameters ofgrowth curves (Figures 1~5) for uni onid speci es coli ected in 
Reach 15 ofthe Upper Mi'ssissippi River in (a) 1994-95 and (b) 1987. Formulascan beused to 
calculate morphological shell measurements (mm) from unionid age (yrs.). AIl relationships 
were best described by a third order polynomial regression formula. . . . 
(a) 1994-95 
Species y x Formula 






y =0.0050071x3- 0.3666344x2 + 9.8249057x· 0.4260532 
y = 0.0039842x3- 0.2602081x2 + 5.8831218x + 0.8669406 










y=0.0177900x3·O.9967481x2 + 19.9961039x-9.2124276· 0.9817 
y = 0.0062956x3 ;. 0.3839674x2 + 8.1506566x - 5.9351060 0.9518 
Y= 0.0120926x3 • 0.7049751x2 + 14.4179442x - 8.68.04480 0.9'752 






y =0.00955q3x3 • 0.4591499x2 + 8.7732342x· 1.6112619 0.9930 
y=0.0062383x3 .O.3273931x2 +6.0829175x-l.9140641· 0.9904 
Y= 0.0057603x3. 0.37S1007x2 + 8.2306743x - 1.7984754 . 0.9927 






Y= 0.0051816x3-0.3269566x2 + 8:l28437OX + 2.9573194 0.9741 
y =0.0059529x3- 0.3206641x2 + 6.0501791x + 0.5701078 0.892'8 



































y = 0.0068550x3 - 0.4318429x2 + 9..791 6577x + 3.2610581 0.9904· 
y = 0.0035412x3 - 0.2238239x2 + 5.0539655x + 4.2486195 0.9908 
y =O.0052136x3 • 0.3297364x2 + 7.4764151x + 4.6248189 0.9908 
Y= 0.01 09224x3 - 0.6825639x2 + l5.5587462x + 5:0508338 0.9830 
y = O.0038476x3• 0.2468855x2 + 5.8132082x + 3.0244842 . 0.9851 
y =0.0069224x3- 0.4460882x2 + 10.5656144x + 4.6659580' 0.9845' 
y =0.0047743x3.• O.3053982x2 + 7.2113570x + 10.6592964. 0.9737 
y == 0.0023l07x3- 0.1524142x2 + 3:8090437x + 6.9840649 ...0:9725 
y = 0.0041474x3 - 0.2597647x2 + 5.8559550x + 13.9737817 0.9705 
Y= 0.0062338x3• 0.3614091x2 + 7;6985955x +4.3 316920 0.9951 
y= 0.0036749x3 -0.22131 04x2 + 4.8644087x + 3.3442995 . 0.9937 
Y= 0.0056265x3 - '0.3372531 x2 + 7.410 1475x + 4.1748952' 0.9940 
Y= 0.0061609x3-0.4005523x2 + 8.9274096x + 5.1135483 0.9762 
Y=0.0034844,,3 - 0.2238107x2 + 4.8979279x + 3.8328803 0.9724 
y =0.0060794x3 - 0.3 782481 x2 + 8.063 9853x + 3.1150318 . 0.9596 
y =0.0206120x3 - 0.880 1632x2 + 13.1422716x + 5.3824389' 0.9735 
y =0.008663'3x37Q,J699364x2 + 5.6840818x . 0.1292106 0:9736 
y = 0.01655'39x3 - 0.7072558x2 + 10.6173476x + 2.3427725 .0.9731 
y == 0.0157802x3 :' O.06259111x2 + 8.6071230x + 9.6129379 0.9911 
y '" 0.0134031x3 -0.5317640x2 + 7.4484997x + 6.9729323. 0.9914 
Y= 0.0089603x3- 0.3563955x2 + 4.9559685x.+ 4.4767819' 0.9926 
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Table G-5. Regression equation parameters of morphological measurements from mussels collected at 
llliniwek site (RM 492.4), 1994-95. The relationship between morphological measurements' 
were best described by a power regression equation (y = ax/\b). Equation parameters are as 
()llows : y = dependent variable; x = independent variable; a = y intercept; b = regression 
coefficient (slope); r2 = coefficient of determination; and n =number ofindividuals plotted. 
Example: Calculate the shell width and height ofanAmblema plicata (Three ridge) with a shell length of92.56 mm. (y = axAb) 
"idth =0.8195 x 92.56"0;9065 =49.67 mm .;.: 25.4 mmlinch = 1.96 inch 
height = 1.0722 x 92.56"0.9302 =72.35 mm + 25.4 mmlinch = Z.85 inch 
Species y x a b r 2 n 
Amblema plicata width length 0.8195 0.9065 0.9649 167 
height length 1.0722 0.9302 0.9827 101 
length . width 1.4253 1.0643 0.9649 167 
height width 1.3696 1.0131 0.9610 101 
length height 0.9971 1.0565 0.9827 101 
width height 0.8514 0.9486 0.9610 101 
Ellipsal'ia lineolata width length 0.1601 1.2247 0.9016 565 
height length 0.5743 1.0728 0.9798 173 
length width 5.6614 0.7362 0.9016 565 
height width 3.2606 0.8392 0.9415 173 
length height 1.7949 0.9133 0.9798 173 
width height 0.3144 1.1219 0.9415 173 
II/fegalonai as nen'osa width length 0.3771 1.0112 0.9255 70 
height length 0.5610 1.0513 0.9883 34 
length width 3.4470 0.9153 0.9255 70 
height width 2.1239 0.9548 0.9483 34 
length height 1.8163 0.9401 0.9883 34 
width height 0.5710 '0.9932 0.9483 34 
Ob/iquaria re(!em width length 0.4006 1.0861 0.9521 170 
height length 0.5897 1.0975 0:9919 46 
length width 2.6366 0.8766 0.9521 170 
height width 1.5263 0.9994 0.9667 46 
length height 1.6575 -0.9038 0.9919 46 
width height 0.7300 0.9672 0.9667 46 
Quadru/a pusl/i/osa	 width length 0.7398 0.9658 0.9685 275 
height· length 0.9658 1.0007 0.9899 64 
length width 1.5169 1.0028 0.9685 275 
height width 1.4497 1.0070 0.9787 64 
length height 1.0741 0.9892 0.9899 64 
width height 0.7467 0.9719 0.9787 64 
QuadI'll/a quodru/a width length 0.6841 0.9495 0.9687 43 
height length 0.8678 0.9932 0.9932 18 
length width . 1.6687 1.0202 0.9687 43 
height width 1.5423 0.9968 0.9916 18 
length height 1.1831 1.0000 0.9932 18 
width height 0.6680 0.9948 0.9916 18 
Trunci/la [rul1Cafa width length 0.4154 1.0980 0.9542 563 
height length 0.6609 1.0599 0.9676 203 
length width 2.4966 0.8690 0.9542 563 
height width 1.7162 0.9267 0.9715 198 
length height .. 1.6248 0.9130 0.9676 203 
width height 0.6142 1.0483 0.9715 198 
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Table G-6. Regression equation parameters ofmorphological measurements from mussels collected at Sylvan 
Slough site (R.M 485.8), 1994-95. The relationship between morphological measurements were 
best described by a power regression equation (y::;:; ax"b). Equation parameters are as follows: :­
= dependent variable; x = independent variable; a = y intercept; b = regression coefficien: 
(slope); r2 ::::; coefficient of determination; and n = number of individuals plotted. 
Example: Calculate the shell width and height ofanAmbiema plicata (Three ridge) with a shell length of 92.56 nun 6' =ax"b j 
width =1.0138 x 92.56"0.8571 =49.13 mm + 25.4 mmlioch = 1.93 inch 
height =1.0400 x 92.56"0.9328 =71.01 mm + 25.4 rom/inch =2.80 inch 
Species y x a b r n 
Amblema plicata width length 1.0138 0.8571 0.9421 III 
height length 1.0400 0.9328 0.9855 55 
length width 1.2507 1.0993 0.9421 111 
height width 1.4189 0.9948 0.9594 55 
length height 1.0178 1.0565 0.9855 55 
width height 0.8228 0.9644 0.9594 55 
Ellipsaria lineolata width length 0.1725 1.1977 0.8988 175 
height length 0.5453 1.0892 0.9797 81 
length width 5.5838 0.7505 0.8988 175 
height width 3.5760 0.8149 0.9342 81 
length height 1.8678 0.8994 0.9797 81 
width height 0.2811 1.1463 0.9342. 81 
Afegalonaias nen'osa	 width length' 0.4347 0.9771 0.9106 66 
height length 0.7203 0.9953 0.9831 41 
length width 3.3050 0.9319 0.9106 66 
height \vidth 2.6178 0.9034 0.9584 41 
length height 1.4963 0.9877 0.9831 41 
width height 0.4203 1.0609 0.9584 41 
Obliquaria rejlexa	 width length 0.4515 1.0558 0.9486 110 
height length 0.7197 0.9953 0.9860 71 
length width 2.4494 0.8985 0.9486 110 
height width 1.6706 0.9639 0.9553 71 
length height 1.4359 0.9497 0.9860 71 
width height 0.6854 0.9911 0.9553 71 
Quadrula pustulosa width length 0.6041 1.0213 0.9801 407 
height length 0.8438 1.0388 0.9926 222 
length width 1.7413 0.9596 0.9801 407 
height width 1.5105 0.9950 0.9880 221 
length height 1.2074 0.9555 0.9926 222 
width height 0.6891 . 0.9930 0.9880 221 
Quadrula quadrula width length 1.0972 0.8426 0.9420 48 
heigh~ length 0.9918 0.9725 0.9818 38 
length width 1.1248 1.1179 0.9420 48 
height width 1.2563 1.0573 0.9795 38 
length height 1.0825 1.0096 0.9818 38 
width height 0.8673 0.9263 0.9795 38 
Truncilla truncata width length 0.3922 1.1102 0.9739 234 
height length 0.5451 1.1187 0.9891 109 
length width 2.4700 0.8773 0.9394 234 . 
height width . . 1.5716 0.9634 0.9877 109 
length height 1.7696 0.8841 0.9891 109 
width height 0.6492 1.0252 0.9877 109 
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Table G-7:	 Formulas to calculate (a) live weight and (b) dry shell weight from shell length and height 
(mm) for commercial mussel species collected in Reach 15 ofthe Upper Mississippi River, 
1994-95. The relationship between weight and shell size was best described by a power 
regression (y = ax"b). Equation parameters are as follows: y = dependent variable; x = 
independent variable; a =y-interd:pt; b = regression coefficient (slope); r2 = coefficient of 
determination; and n =number of individuals plotted. 
Example: Calculate the live weight and dry sheil weight for five Amblema plicata having measured shell heights of: 75.10, 
85.0 I, 72.52, 76.15, and 91.23. What is the present commercialvalue of these mussels ($0.86I1b dry shell)? 
.Calculations: y = ax"b 
Live weight (g) = (0.00 13x75.10"2.8266)+(0.0013x85.0 1"2.8266)+(0.0013x72.52"2.8266)+(0.00 13><76.15"2.8266)+(0.00 13 ><91.23"2.8266) 
= 260.39 + 369.64 + 235.89 -+- 270.81 + 451.30 
= 1588.03 g + 454 glpound = 3.50 pounds 
DI')' shell weight (g) =(0.00 13 x75.1 0"2.7444)+(0.00 13x85.0 l"2.7444)+(0.00 13x72.52"2.7444)+(0.00 13 x76.15"2.7444)+(0.00 13 x91.23"2.7444) 
r- 182.58 + 256.56 + 165.88 + 189.67 + 311.42 
= 1106.10 g + 454 glpound = 2.44 pounds@SO.86/pound = S2.l0 
Species 
Amblema plicata 
...	 Megalonaias nervosa 
Quadrula metanevra 
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(b) Dry shell weight (g) 
x a b r 2 n 
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Table G-8:	 Estimated abundance and weight ofcommercially sized (a) Amblemaplicata (Three ridge) and Megalonaias nervosa (Washboard) 
at three Reach 15 study sites. . 









Height Density LiYe Dry Shell Mussels/area Live Weight Dry Shell Wei~ht 
n (mm) (lmZ) (g) (g) hectare acre (kg/hectare) (Ibs/acre) (kg/hectare) (Ibs/acre) .," 
8 72.36 0.24 234.42 164.87 2424 970 568.34 500.74 399,72 352.18 
21 73.91 1.12 248.90 174.75 11314 4526 2816.02 2481.07 1977.10 1741.94 
27 73.78 0.63 247.66 173.91 6364 2546 1576.15 1388.68 1106;76 975J2 
.; 




.",	 " .. 
Mean 
Height I>en~ity, Live Dry Shell Mussels/area Live Weight .Dry Shell Wei~~t ';" 
n (rn.~) (lm~) (g) (g) hectare acre (kg/hectare) (lbs/acre) (kglheCtare) (lbshicre) 
... 
:SylvariSlodgh 5 107.12 0,17 '657.34 414.42 1717 687 1128.85 994.58 711:68 627.03 
Case-IH I 106.72 O.O~ 650.14 410.03 606 242 394.06 347.19 24852 21S.96 
D1itliwek 8 110.61 0.24 722.37 453.98 2424 970 1751.33 1543.02 1100.64 969.73 
Example: Commercially sized Amblema plicata from Sylvan Slough 
Live Weight (g) = 0.0013 x Mean Height (72.36 mm)1\2.8266 =234.42 g 
Dry Shell Weight (g) = 0.0013 x MeanHeight(72.36mm)1\2.7444 =164Jng 
Musselslhectare= 10,101.78 IJillhectare x 0.24 musselslm2 = 2,424 musseisliiectare 
Live Weight (kglhectare) =2,424 musselslhectare x 234.42 g/mussel * lkg/lOOOg= 568.34kWhectare " " 
Dry Sh~U Weight (kglhectare) =2,424 RlJSsels1hec~ x 164:s?'g/mussel * lkg/lOOOg =399.72 kglhectare 
". MJssel~acre= 4040.71 m2/acre x 0.24 musselslm2 = 970 rimsselStabre 
~eWeight (IbsJacre) = 970 mussels/acre x 234.42 g/mOssei ;'i l1,s./454 g =$OO.741bs./acte 
DrY Shell Weight (IbWacre) =970 ~ls/acre x 164.87 ~mUssel ~ Ilbs./454 g= 352.181bslacre 
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Average observed morphological shell measurements of
 
commercial mussel species of various ages from Reach 15
 
of the Upper Mississippi River, 1987 and 1994-95.
 
. Descrip_t_io_n 
Table G-9: Amblema plicata - Threeridge 
Table G-IO: Megalonaias nervosa - Washboard 
TableG-ll: Quadrula quadrula - Mapleleaf 
Table G-12: Quadrula pustulosa - Pimpleback 
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Table G-9. Average observed morphological shell measurements ofAmblema plicata (Threeridge) of various ages from Reach IS of the 
Upper Mississippi River, collected in (a) 1994-95 and (b) 1987 quantitative surveys by the Illinois Natural History Survey. 
(b) 1987 I Average size at age(a) 1994-95 I Average size at age 
millimeters	 inchesAge 
(yrs.) n Length Width Height Length Width 
1 0 ---- ---- ---- ---- --­
2 3 16.75 10.12 14.71 ' 0.66 0.40 
3 8 26.79 17.33 22.26 1.05 0.68 
4 4 31.33 19.30 26.22 1.23 0.76 
5 8 36.66 23.79 30.05 1.44 0.94 
6 9' 47.13 27.84 38.43 1.86 1.10 
7 11 57.20 33.36 46.70 2.25 1.31 
8 17 60.05 34.98 48.73 2.36 1.38 
9 8 62.74 37.05 51.29 2.47 1.46 
10 7 69.62 38.55 55.29 2.74 1.52 
11 12 70.36 39.77 56.34 2.77 1.57 
12 8 70.16 38.08 56.33 2.76 1.50 
13 5 75.76 39.61 60.56 2.98 1.56 
14 4 76.04 42.91 61.42 2.99 1.69 
15 6 80.49 42.63 63.26 3.17 1.68 
16 3. 83.25 44.52 63.38 3.28 1.75 
17 T .. 83.53 43.80 66.46 3.29 1.72 
18 2 82.52 45.01 63.07 3.25 1.77 
19 3 89.81 45.96 69.14 3.54 1.81 
20 2 88.31 49.07 69.03 3.48 1.93 
21 1 91.02 50.71 69.27 3~58 2.00 
22 1 94.75 44.13 72.57 3.73 1.74 
23 0 ---- ---- ---- ---- --­
24 1 97.24 48.40 74.34 3.83 1.91 
25 0 ---- ---- ---- ---.. --­
26 0 
---- ---- ---- ---- --­
27 0 ---- ---- ---- ---- ---­
28 3 97.18 47.91 75.70 3.83 1.89 
29 1 98,25 50.39 76.48 3.87 J.98 
30 0 
---- ---- ---- ---- --­
31 1 100.17 50.67 77.87 3.94 1.99 
32 1 100.96 53.75 78.44 ' 3.97 ,2.12 
33 0 ---- ---- ---- ---- <'.'--­





Height (yrs.) n 
-_..­ 1 1 
0.58 2 7 
0.88 3 11 
1.03 4 17 
1.18 5 29 
1.51 6 42 
1.84 7 22 
8 151.92 
2.02 9 11 
2.18 10 9 
2.22 11 8 
2,22 12 8 
2.38 13 11 
2.42 14 11 
2.49 15 9 
t50 16 11 
2.62 17 16 
2.48 18 20 
Z';72 19 25 
2.72 20 13 
2.73 21 13 
2.86 22 17 
23 9 
2.93 24 18 
25 7 
26 7 
--_... 27 3 
2.98 28 3 
3.01 29 1 
30 0 
3..07 31 1 
3.09 32 1 
', ..33 0 
3,27 34 ( r 1 
" 
millimeters inches 
Length Width Height Length Width Height 
14.76 10.18 12.81 0.58 0.40) 0.50 
20.06 12.53 17.37 0.79 0.49 0.68 
27.47 16.79 23,16 1.08 0~66 0.91 
34.28 20.43 28.47 1.35 0.80 1.12 
44:40 25.56 36.47 1.75 1.01 1.44 
48.41 27.58 39;57 1.91 1.09 1.56 
53.53 30.24 43:35 2.11 1.19 1.71 
56.70 31.88 45.55 2.23 1.26 1.79 
60.44 33.77 48.25 2.38 1.33 1.90 
67.11 37.15 53,03 ' 2.64 1.46 2.09 
66.27 36.71 51.74 2.61 1.45 2.08 
70.86 38.97 55,.99 2.79 1.53 2.20 
6'8.25 37.69 54.18 2.69 1.48, 2.13 
76.74 41.84 60.42 " 3.02 ' 1.65- 2.'38 
n·54 40.28 ' 57.77 2,90 1.59 2.27 
81.24 ',44.12 63,97" 3.20 1.74 2.52 
77.99' 42.49 61,60 .... 3XJ1;' 1.67 2.43 
79.61 43.32' 62;&.8 3,13: 1.71 2.48 
79.77 43.41 63;00", 3:14 1.71 2.48 
83.21 45.03 65~32 3'28' 1.77 2.57 
85.67 4~.31 67.'32'; 1.82 2.65~;,t&::··',83.78 45.35 ' 65"86 1.79 2.59 
83.00 45.00 '6$::37. 3.27 1.77 2.57 
S4.11 45.45 66,~Ol ' 3.31 1.79 2.60 
83.47 45.23 65:71 
',;.•, 3.29 1.78 2.59 
&6.52 46.72 67:93 3.41 1.84 2.67 
lf3.56 45.27 65.78 3.29 1.78 2.59 
85.43 46.19 67.14 " 3.36 1.82 2.64 
91.76	 49.29 7i.n " 3.61 1.94 2.83 
----, 
---- ---- . ---- ---- --­~9.81 53.20 77.61 3.93 2.09 3.06 
1-02.08 54.29 79.:25 4.02 2.14 3.12 
.-	 1 :'J , ';';.l.o__ 
-:\., 
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Table G-IO. Average observed morphological shell measuremehts ofMega/onaias nervosa (Washboard) ofvarious ages from Reach 15 ofthe 
Upper Mississippi River, collected in (a) 1994-95 and (b) 1987 quantitative surveys by the Illinois Natural History Survey. 
(b) 1987 I Average size at age(a) 1994-95 I Average size at age 
.._----_. 
millimeters inchesmillimeters inchesAge Age
 
(yrs.) n Length Width Height Length Width Height
 (yrs.) n Length Width Height Length Width Height 
1 0 ---- ---- ---- ---- ---- ---­ 1 0 ---- ---- ---- ---- ---- ---­
2 I 32.97 10.86 21.52 1.30 0.43 0.85 2 23 34.47 13.79 24.31 1.36 0.54 0.96 
3 3 46.89 16.44 32.63 1.85 0.65 1.28 3 58 45.99 18.30 32.47 1.81 0.72 1.28 
4 1 39.79 15.95 27~ 18 1.57 0.63 1.07 4 5 57.12 22.63 40.37 2.25 0.89 1.59 
5 3 61.36 22.09 41.71 2.42 0.87 1.64 5 14 67.36 26.61 47.51 2.65 1.05 1.87 
6 1 84.53 34.64 57.59 3.33 1.36 2.27 6 5 70.30 27.86 49.68 2.77 1.10 1.96 
7 9 90.68 37.70 64.91 3.57 1.48 2.56 7 1 92.56 36.27 65.26 3.64 1.43 2.57 
8 6 97.61 37.59 70.94 3.84 1.48 2.79 8 2 88.67 34.78 62.53 3.49 1.37 2.46 
9 II 105.09 40.73 73.91 4.14 1.60 2.91 9 1 94.69 37.09 66.75 3.73 1.46 2.63 
10 6 112.19 43.57 79.01 4.42 1.72 3.11 10 0 ---- ---- ---- ---- -l""-- ---­
. 
11 9 113.98 44.98 79.58 4.49 1.77 3.13 11 0 ---- ---- ---- ..--- ---- ---­
12 7 119.05 47.07 83.28 4.69 1.85 3.28 12 4 109.63 42.80 77.23 4.32 1.68 3.04 
13 5 121.08 46.96 85.29 4.77 1.85 3.36 13 0 ---- ---- ---- ---- ---- ---­
14 I 124.46 49.60 85.43 4.90 1.95 3.36 14 I 123.80 48.19 87.16 4.87 1.90 3.43 
15 2 124.37 49.59 95.27 4.90 1.95 3.75 15 I 121.95 47.48 85.86 4.80 1.87 3.38 
16 2 126.66 56.00 89.94 4.99 2.20 3.54 16 3 126.86 49.35 89.31 4.99 1.94 3.52 
17 I 130.15 50.60 91.61 5.12 1.99 3.61 
18 2 129.64 57.73 90.14 5.10 2.27 3.55 
17 0 ---- ---- ---- ---- ---- ---­
,018 ---- ---- ---- ---- ---- ---­
19 '4 131.12 54.71 95.02 5.16 2.15 3.74 19 2 126.26 49.76 90.00 4.97 1.96 3.54 
20 1 132.14' 45.20 8939 5.20 1.78 3.52 20 3 121.77 48.11 86.87 4.79 1.89 3.42 
21 1 138.47 55.92 96.63 5.45 2.20 3.80 21 2 130.71 51.54 93.35 5.15 2.03 3.68 
22 2 139.91 57.41 99.62 5.51 2.26 3.92 22 2 141.50 55.74 101.17 5.57 2.19 3.98 
23 1 141.34 52.57 96.64 5.56 2.07 3.80 23 1 131.23 52.26 94.56 5.17 2.06 3.72 
24 0 ---- ---- ---- ---- ---- ---­ 24 0 ---- ---- ---- ---- ---- ---­
25 0 
---- ---- ----
---- ---- ---­ 25 0 ---- ---- ---- ---- ---- ---­
26 2 141.13 54.77 99.30 5.56 2.16 3.91 
27 I 153.28 58.79 104.48 6.03 2.31 4.11 
26 0 ---- ---- ---- ---- ---- ---­
27 0 ---- ---- ---- ---- ---- ---­
28 0 ---- ---- ---- ---- ---- ---­ 28 0 ---- ---- ---- ---- ---- ---­
29 0 ---- ---- ----. ---- ---- ---­ 29 0 ---- ---- ---- ---- ---- ---­
30 0 ---- ---- ---- ---- ---- ---­ 30 0 ---- ---- ---- ---- ---- ----
Total 79 Total 131 
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---- ---- ---- ---- ---- ---
---- --- ---- ---- ----
---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ----
----
---- ---- ---- ---- ----
---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ----
---- ---- ---- ---- ---- ----
---- ---- ---- ----
---- ----
Table G-ll. Average observed morphological shel! ~~urements ofQ~adrula quadru,lfl (Mapleteaf) ofvarious' ages from Reach 15 ofthe 
Upper, Mississippi River, collected ·in (a) 199~9S and (b) 19~!. quantitative surveys by the Illinois Natural History Survey. 
.. ., .. " . 
~(a) 1994':;95 I Average siZe at·,age 
millirtaefers" . inchesAge.
 
(yrs~) n. Length Width Height Length Width Height·
 
1 .0 ---- ---- ---- ---- ---- ---­
2 0 ---- ---- ---- ---- ---­j 1 20.78 13.53 18.03 0.82 0.53 0.71 
.. 4 1 35.24 22.93 30.23 1.39 0.90 1.19
 
5 5 39.45· 25.44 37.1~ 1.55 1.00 . 1.46
 
6 0 --- ---- ---- ---_ .. ---- ---­
., r 40.92 2321 34.63. 1.61 0.91 1.36
 
8 2 44.72 34.91 50.24 1.76 1.37 1.98
 
?' 2 57.14 35.42 5[45 2.25 1.39 2.03
 
10 1 58.21 34.33 50.70 229 1.35 2.00
 
11 2. 60~65 36.09 54.46 2.39 1.42 2.14 
lZ 3 61.28 37.77· 5439 2.41 1.49' 2.14 
13 (f ---- ----. ---- ---- ---- ---­
14: r 67.52 3~.89 56.58 2.66 1.33 2.23 
, 15 2 69~38 ' 40.89 60.56 2.73 1.61 2.38
 
16 1 69.80 37.04 57.54 2.75 1.46 2.27
 
17 2 ·14.70 45.06 64.57 2.94 1.77 2.54
 
18 1 72.2i 40.53 60.07 2.84 1.60 2.36
 
19 1 72.50 38.86 65.13 2.85 1.53 2.56
 
20 1 76.44 45.02 63.81 3.01 1.77 2.51
 
21 2 75."99 39.36 64.01 2.99 1.55 2.52
 
22 0 
---- ---- ---- ---- ---- ---­
23 2 84.73' 41.84 67.37 3.34 1.65 2,65
 
24 1 79.09 42.49 64.94 3.11 1.67 2.56
 
25 0 ---- ---- ---- ---- ---- ---­
26 0 ---- ---- ---- ---- ---- ---­
27 0 ---- ---- ---- ---- ---- ---­
28 1 87.83 49.67 73.94 3.46 1.96 2.91
 
29 0 ---- ---- ---- ---- ---- ---­












































































. I Average size at age 
... millimeters inches 
Length Width Height Length Width Height 
20.62 12.11 17.53 0.81 0.48 0.69 
29.44 17.63 25.51 1.16 0.69 1.00 
41.80 23.68 35.37 1.65 0.93 1.39 
48.38 27.31 41.06 1.90 1.08 1.62 
48.71 27,38 41.17 1.92 l.08 1.62 
52.10 29,63 44.83 2.05 1.17 1.76 
5S}1 3L44 47.91 2.19 1.24' 1.89 
55.74 3l...12 47.07 2.19 1.23 L85 
63.20 35.07 53.32 2.49 1.38 2.10 
64.50 36.18 55.76 2.54 1.42 2.20 
71.80 40.20 63..3.1 2.83 !.,5~ 2.49 
71.60 40.11 63.14 2.82 1.58 2.49 
70.46 3&.88 59.41 2.77 1.53 2.34 
---- ---- ----. ---- ---- ---­
71.62 39.49 60.38 2.82 1.55 2.38 
71.35 39.35 60.15 2.81 1.55 2.37 
76~58 42.18 65.49 3.01 1.66 2.58 
71.19 39.26 60.02 2.80 .1.55 2.36 
---- ---- ---- .---- ---- ---­
71.91 39.64 60.62 2.83 1.56 2.39 
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Ta ble G-12. Average observed morphological shell measurem.ents ofQuadrula pustulosa (Pimpleback) ofvarious ages from Reach 15 ofthe 
Upper Mississippi River, collected in (a) 1994.;.95 and (b) 1987 quantitative surveys by the llIinois Natural History Survey. 
(b) 1987 I Average size at age
(a) 1994-95 I ...._._~~_eE~~e.~.~~e.~~_~~e._. __ .._.._.____..._._. __ .
 
millimeters inches
 millimeters inchesAge ...- ..~ .... ---.--..._----_ •........__ .. ......_-_.•._-...__ ._--_..._--_...._..._. ---- --_._._.
 Age
 
(yrs.) n Length Width Height Length Width Height
 (yrs.) n Length Width Height Length Width Height 
1 6 13.66 9.24 13.21 0.54 0.36 0.52
 
2 I 12.23 7.38 10.75 0.48 0.29 0.42
 
I I 7.93 4.18 6.48 0.31 0.16 0.26 
2 11 16.94 11.2& 16.31 0.67 0.44 0.64
 
3 3 21.14 14.26 20.79 0.83 0.56 0.82
 3 24 22.92 15.10 22.08 0.90 0.59 0.87
 
4 14 27.58 18.69 27.13 1.09 0.74 1.07
 4 74 29;08 19.08 28.10 1.14 0.75 1.11
 
5 24 32.91 22.25 32.29 1.30 0.88 1.27
 5 57 34.18 22.37 33.08 1.35 0.88 1.30
 
6 19 33.50 22.39 33.27 1.32 0.88 1.31
 6 118 40.81 26.61 39.57 1.61 1.05 1.56
 
7 250 42.19 27.50 40.93 1.66 1.08 1.61
 
8 18 44.23 29.01 42.63 1.74 1.14 1.68
 
7 24 . 41.27 26.84 39.76 1.62 1.06 1.57
 
8 51 46.70 30.56 45.62 1.84 1.20 1.80
 
9 13 48.68 31.28 47.32 1.92 1.23 1.86
 9 30 49.22 32.24 48.20 1.94 1.27 1.90
 
10 4 48.73 32.29 46.61 1.92 1.27 1.84
 10 18 51.98 34.00 50.90 2.05 1.34 2.00
 
11 7 52.50 32.90 50.43 2.07 1.30 1.99
 11 7 53.19 34.74 52.06 2.09 1.37 2.05
 
12 4 54.27 34.13 53.38 2.14 1.34 2.10
 12 22 54.26 35.54 53.25 2.14 1.40 2.10
 
13 4 55.00 34.96 53.49 2.17 r 1.38 2.11
 13 9 57.60 37.49 56.29 2.27' 1.48 2.22
 
14 2 60.26 38.75 58.36 2.37 1.53 2.30
 14 6 57.15 37.13 55.75 2.25 1.46 2.20
 
15 5 57.13 36.22 55.54 2,25 1.43 2.19
 15 4 58.89 38.19 57.40 2.32 1.50 2.26
 
16 0 ---- ---- . ---- ---- ---- ---­ 16 5 62.27 40.73 61.23 2.45 1.60 2.41
 
17 1 ::61.19 36.65 58.90 2.41 1.44 2.32
 17 8 60.53 39.18 58.96 2.38 1.54 2.32
 
18 1 61.91 ·38.70 58.52 2.44 1.52 2.30
 18 4 63.76 42.09 63.21 2.51 1.66 2.49
 
19 1 66.37 37.90 58.00 2.61 1.49 2.28
 19 4 63.76 42.09 63.21 2.51 1.66 2.49
 
20 0 ---- ---- . ---- ---- ---- ---­ 20 4 62.96 40.42 60.98 2.48 1.59 2.40
 
21 0 ---- ---- ---- ---- ---- ---­ 21 0 ---- ---- ---- ---- ---- ---­
22 1 63.63 42.00 63.08 2.51 1.65 2.48
22 0 ---- ---- ---- ---- ---- ---­
23 0 ---- ---- ---- ---- ---- --­23 0 ---- ---- ---- ---- ---- -.-­
24 0 ---- ---- ---- ---- ---- ---­24 0 ---- ---- ---- ---- ---- ---­
25 0 ---- ---- ---- ---- ---- ---­25 0 ---- ---- ---- --.- ---- ---­
26 1 70.26 44.94 68.05 2.77 1.77 2.68
 
27 0 ---- ---- ---- ---- ---- ---­
26 0 ---- ---- ---- ---- ---- ---­
27 0 ---- ---- ---- ---- ---- ---­
28 0 ---- ---- ---- ---- ---- ---­ 28 0 ---- ---- ---- ---- ---- ---­
29 0 ---- ---- ---- ---- ---- ---­29 0 ---- ---- ---- ---- ---- ---­
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Table G-IJ. Average observed morphological shell measurements ofQuadnlla metanevra (Monkeyface) ofvarious ages from Reach 15 ofthe 
Upper ~ississippi River, collected in 1987 quantitative survey by the Illinois Natural History Survey. 

































. Total 78 
millimeters inches 
Length Width Height Length Width 
13.94 9.85 16.02 0.55 0.39 
22.23 11.93 23.44 0.88 0.47 
29.55 16.78 29.54 1.16 0.66 
41.27 23.27 38.82 1.62 0.92 
45.55 26.31 42.09 1.79 1.04 
43.54 24.26 40.59 1.71 0.96 
40.26 22.35 38.05 1.59 0.88 
56.27 31.81 50.04 2.22 1.25 
53.36 30.08 47.92 2.10 1.18 
56.03 31.67 49.86 2.21 1.25 
59.39 33.68 52.29 2.34 1.33 
60.83 34.54 53.34 2.39 1.36 
63.48 35.99 5°5.22 2.50 1.42 
62.56 35.58 54.58 2.46 1.40 
68.48 39.14 58.76 2.70 1.54 
64.79 36.92 56.15 2.55 1.45 
67.45 38.52 58.03 2.66 1.52 
68.07 38.90 58.47 2.68 1.53 
70.51 40.37 60.18 2.78 1.59 
70.15 40.15 59.92 2.76 1.58 
---­ ---­ ---­ ---­
---­
73.81 42.37 62.47 2.91 1.67 
75.95 43.66 63.94 2.99 1.72 
7~.66 42.28 62.36 2.90 1.66 
---­ ---­ ---­ ---­ ---­
76.15 43.78 64.08 3.00 1.72 
77.67 44.71 65.12 3.06 1.76 
78.33 45.11 65.58 3.08 1.78 
---­ ---­ ---­ ---­ ---­
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Part III. 
.Calculated morphological shell measurements' of 
commercial mussel species of various. ages from Reach 15 
. of the Upper Mississippi River. 
.Descrip_ti_o_n 
Table G-14: Amblema pUcata ~ Threeridge 
Table G-15: Megalonaias nervosa - ·Washboard· 
Table G-16: Quadrula.quadrula - Mapleleaf 
Table G-17 : Quadrula pustulosa - Pimpleback 
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Table G-14i Calculated morphological shell measurements ofAmblema plicata (Threeridge) of various ages from Reach 15 of the Upper 
Mississ~ppi River, (a) 1994-95 and (b) 1987. Formulas used to calculate. size at age are list~ in Table G4. . 
(a) 1994-95 I Average size at age 
Age millimeters inches 
(yrs.) . Length Width Height Length Width Height 
1 9.04 6.49 8.37 0.36 0.26 0.33 
2 17.80 11.62 15.42 0.70 0.46 0.61 
3 25.88 16.28 21.88 1.02 0.64 0.86 
4 33.33 20.49 27.79 1.31 0.81 1.09 
5 40.16 24.28 33.17 1.58 0.96 1.31 
6 46.41 27.66 38.05 1.83 1.09 1.5.0 
7 52.10 30.67 . 42.46 .2.05 1.21 1.67 
8 57.27 33.32 46.42 2.25 1.31 1.83 
9 61.95 35.64 .49.96 2.44 1.40 1.97 
10 
·66.17 37.66 53.12 2.60 1.48 2.09 
11 69.95 39.40 55.91 2.75 1.55 2.20 
12 73.33 40.88 58.36 2.89 1.61 2.30 
13 76.34. 42.13 60.51 3.01 . 1.66 2.38 
14 79.00 43.16 62.38 3.11 1.70 2:46 
15 81:35 44.01 64.00 3.20 1.73 2.52 
16 83.42 44.70 65.39 3.28 1.76 2.57 
17 85.24 45.25 66.59 3.36 1.78 2.62 
18 86.83 45.69 67.61 3.42 1.80 2.66 
19 88.24 46.04 68.50 3.47 1.81 2.70 
20 89.48 46.32 69.27 . 3.52 1.82 2.73 
21 90.58 46.56 69.95 3.57 1.83 2.75 
22 91.59. 46.18 70.57 3.61 1.84 2.78 
23 92.52 47.00 71.16 3.64 1.85 2.80 
24 93.41 47.26 71.75 3.68 1.86 2.82 
25 94.29 47.57 72.36 3.71 1.87 . 2.85 
26 95.18 47.95 73.03 3.75 1.89 2.88 
27 96.12 48.44 73.77 3.78 1. 91 2.90 
28 97.15 49.05 74.61 3.82 1.93 2.94 
29 98.27. 49.81 75.59 3.87 1.96 2.98 
30 99.54 50.75 76.74 3.92 2.00 3."02 
31 100.98 51.88 78.07 3.98 2.04 3.07 
32 102.61 53.23 79.62­ 4.04 2.10 3.13 
33 104.47 54.82 81.41 4.11 2.16 3.21 . 
34 106.59 56.69 83.47 4.20 2.23 3.29 
(b) 1987 I Average size at age 
Age millimeters inches 
(yrs.) Length Width Height Length Width Height 
1 12.63 9.08 11.78 0.50 0.36 0.46 
2 21.17 13.49 18.30 0.83 0.53 0.72. 
3 28.93 17.49 24.23 1.14 0.69 0.95 
·4 35.96 21.11 29.59 1.42 0.83 1.16 
5 42.28 24.37 ·34.42 1.66 0.96 1.35 
6 47.95 27.28 38.74 1.89 l.07 .1.53 
7 52.99 29.87 42.59 2.09 1.18 1.68 
8 57.47 32.17 46.00 2.26 1.27 1.81 
9 ·61.40 34.19 49.00 2.42 1.35 1.93 
10 64.85 35.95 51.63 2.55 1.42~ 2.03 
11 67.84 37.47 53.91 2.67 1.48 2.12 
12 70.42 38.78· 55.87 2.77 1.53 2.20 
13 72.63 39.90 5.7.55 2.86 1.57 2.27 
14 74.51 40.85 58.97 2.93 1.61 2.32 
15 76.11 41.65 60.18 3.00 1.64 237 
16 77.45 42.32 61.19 3.05 1.67­ 2.41 
17 78.60 42.88 62.04 3.09 1.69 2.44 
18 79.57 43.35 62.77 . 3.13 1.71 2.47 
19 80.43 43.76 63.40 3.17 1.72 2.50 
20 81.20 44.13 63.97 3.20 1.74 2.52 
21 81.93 44.47 64.50 . 3.23 1.75 2.54 
22 82.66 44.81 65.03 3.25 1.76 i56 
23 83.43 45.17 65.59 3.28 .. .1.78 2.58 
24 84.28 45.57 66.20 .3.32 1.79 2.61 
2S 85.26 46.04 66.91 3.36 1.81 2.63 
26 86.40 46.59 67.74 3.40 1.83 2.67 
27 87.75 47.24 68.73 3.45 1.86 2.71 
28 89.34 48.02 69.90 3.52 1.89 2.75 
29 91.23 48.94 71.29 3.59 1.93 2.81 
30 93.44 50.04 72.92 3.68 1.97 2.87 
31 96.02 51.32 74.84 3.78 2.02 2.95 
32 99.01 52.82 77.06 3.90 2.08 3.03 
33 102.46 54.55 79.62 4.03 2.15 3.13 
34 106.40 56.53 82.56 4.19 2.23 3.25 
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Table G-15. Calculated morphological shell measuremeilts ofMega/ol1aias m:rl'OSil (Washboard) ofvarious ages from Reach 15 ofthe Upper 
Mississippi River, (a) 1994-95 and (b) 1987. Formulas lIsed to calculate size at age are listed in Table GA. 




































millimeters inches Age millimeters..__.. .__ ..•_._---_.~ .~._---_ 
(yrs.) Length WidthLength Width Height Length Width Height 
9.80 1.84 5.04 0.39 0.07 0.20 I 19.94 8.59 
26.94 8.88 17.43 1.06 0.35 0.69 2 33.53 13.69 
3 45.88 18.3542.29 15.23 28.56 1.66 0.60 1.12 
4 57.06 22.5755.96 20.93 38.49 2.20 0.82 1.52 
68.07 26.01 47.30 2.68 1.02 1.86 5 67.15 26.40 
78.72 30.51 55.06 3.10 1.20 2.17 6 76.19 29.85 
7 84.26 32.9488.02 34.46 61.85 3.47 1.36 2.44 
8 91.43 35.7096.07 37.92 67.74 3.78 1.49 2.67 
102.98 40.91 72.79 4.05 1.61 2.87 9 97.75 38.15 
]08.86 43.47 77.09 4.29 1.71 3.04 10 103.30 40.32 
11 108. ]4 42.22] 13.82 45.64 80.71 4.48 1.80 3.]8 
117.95 47.46 83.7] 4.64 1.87 3.30 12 112.34 43.88 
1·21.]7 48.96 86.18 4.78 1.93 3.39 13 115.96 45.33 
124.19 50.19 88.18 4.89 1.98 3.47 14 119.06 46.58 
126.50 51.18 89.78 4.98 2.01 3.53 15 121.72 47.66 
128.43 51.97 91.06 5.06 2.05 3.59 16 123.99 "48.59 
130.06 52.59 92.10 5.12 2.07 3.63 17 125.95 49.40 
131.52 53.09 92.95 5.18 2.09 3.66 18 127.66 50.11 
19 129.]8 50.74132.91 53.50 93.71 5.23 2.11 3.69 
134.33 53.86 94.43 5.29 2.12 3.72 20 130.58 51.32 
135.89 54.20 95.19 5.35 2.13 3.75 21 131.93 51.86 
137.70 54.57 96.07 5.42 2. ]5 3.78 22 133.28 52.39 
139.87 55.01 97.13 5.51 2.17 3.82 23 134.72 52.94 
24 ]36.30 53.52142.50 55.55 98.45 5.61 2.19 3.88 
145.69 56.22 100.11 5.74 2.21 3.94 25 138.08 54.17 
26 ]40. ]4 54.90149.56 57.07 102.16 5.89 2.25 4.02 
154.21 58.14 ]04.70 6.07 2.29 4. ]2 27 142.53 55.73 
159.75 59.45 107.78 6.29 2.34 4.24 28 145.33 56.70 
166.29 61.06 111.48 6.55 2.40 4.39 29 148.60 57.82 
173.93 63.00 115.88 6.85 2.48 4.56 30 152.41 59.11 





Height Length Width Height 
14.79 0.78 0.34 0.58 
24.07 1.32 0.58 0.95 
32.53 1.81 0.72 1.28 
40.23 2.25 0.89 1.58 
47.21 2.64 1.04 1.86 
53.50 3.00 1.18 2.11 
59.14 3.32 1.30 2.33 
64.19 3.60 1.41 2.53 
68.67 3.85 1.50 2.70 
72.64 4.07 1.59 2.86 
76.12 4.26 1.66 3.00 
79.18 4.42 1.73 3.12 
81.84 4.57 1.78 3.22 
84.15 4.69 1.83 3.31 
86.14 4.79 1.88 3.39 
87.87 4.88 1.91 3.46 
89.37 4.96 1.94 3.52 
90.69 5.03 1.97 3.57 
91.86 5.09 2.00 3.62 
92.92 5.14 2.02 3.66 
93.93 5.19 2.04 3.70 
94.91 5.25 2.06 3.74 
95.92" 5.30 2.08 3.78 
96.99 5.37 2.11 3.82 
98.16 5.44 2.13 3.86 
99.48 5.52 2. ]6 3.92 
100.99 5.61 2.19 3.98 
102.73 5.72 2.23 4.04 
104.74 5.85 2.28 4.12 
107.06 6.00 2.33 4.21 
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Table G-16. Calculated morphological shell measurements ofQuadrula quadrula (Mapleleaf) of various ages from Reach 15 of the Upper 
i 
Mississippi River, (a) 1994-95 and (b) 1987. Formulas used to calculate size at age are listed in Table G-4. 
(a) 1994-95 I Average size at age 
Age millimeters inches 
(yrs.) Length Width Height Length Width Height 
(b) 1987 I Average size at age 
Age millimeters inches 











































































































































































































































































































































































































































Tahie G-17. Calculated morphological shell measurements ofQuadru/a pustu/osa (Pimpleback) ofvarious ages from Reach IS of the Upper 
Mississippi River, (a) 1994-95 and (b) 1987. Forniuli!s used to calculate size at age are listed in Table G-4. 
(a) 1994-95 I Average size at age 
.............._-- ..._._ .. _------­
------
Age millimeters.. _-_......_._.. __.__ ....__._._--_.. _._-_.. inches 
(yrs.) Length Width Height Length Width Height 
1 6.7\ 3.85 6.06 0.26 0.15 0.24 
2 \4.18 8.99 13.21 0.56 0.35 0.52 
3 20.83 13.56 19.67 0.82 0.53 0.77 
4 26.75 17.58 25.49 1.05 0.69 1.00 
5 31.97 21.10 30.70 1.26 0.83 1.21 
6 36.56 24.14 35.33 1.44 0.95 ·1.39 
7 40.58 26.76 39.41 1.60 1.05 1.55 
8 44.08 28.99 42.99 1.74 1.14 1.69 
9 47.12 30.86 46.09 1.86 1.22 1.81 
10 49.76 32.41 48.76 1.96 1.28 1.92 
II 52.06 33.69 51.02 2.05 1.33 2.01 
12 54.06 34.72 52.91 2.13 1.37 2.08 
13 55.84 35.54 54.46 2.20 lAO 2.14 
14 57.44 36.20 55.72 2.26 1.43 2.19 
15 58.93 36.72 56.70 2.32 1.45 2.23 
16 60.36. 37.15 57.46 2.38 1.46 2.26 
17 61.79 37.53 58.02 2.43 lA8 2.28 
18 63.27 37.88 58A2 2.49 1.49 2.30 
19 64.87 38.26 58.68 2.55 1.51 2.31 
20 66.64 38.69 58.86 2.62 1.52 2.32 
21 68.64 39.22 58.97 2.70 1.54 2.32 
22 70.93 39.88 59.06 2.79 1.57 2.33 
23 73.55 40.70 59.16 2.90 1.60 2.33 
24 76.58 41.74 59.31 3.02 . 1.64 2.34 
25 80.07 43.01 59.54 3.15 1.69 2.34 
26 84.07 44.57 59.87 3.31 1.75 2.36 
27 88.64 46.44 60.36 3.49 1.83 2.38 
28 93.85 48.67 61.03 3.69 1.92 2.40 
29 99.74 51.30 61.92 3.93 2.02 2.44 
30 106.37 54.35 63.06 4.19 2.14 2.48 
(b) 1987 I Average size at age 
Age millimeters inches 
(yrs.) Length Width Height Length Width Height 
1 11.68 7.99 11.25 0.46 0.31 0.44 
2 18.33 12.22 17.69 0.72 0.48 0.70 
3 24.34 16.04 23.52 0.96 0.63 0.93 
4 29.74 19.50 28.78 1.17 0.77 1.13 
5 34.57 22.59 33.50 1.36 0.89 1.32 
6 38..86 25.36 37.71 1.53 1.00 1.48 
7 42.65 27.81 41.45 1.68 1.09 1.63 
8 45.98 29.98 44.75 1.81 1.18 1.76 
9 48.89 31.88 47.65 1.92. 1.25 1.88 
10 51.41 33.53 50.18 2.02 1.32 1.98 
II 53.58 34.97 52.37 2.11 1.38 2.06 
12 55.44 36.20 54.25 2.18 1.43 2.14 
13 57.03 37.25 55.87 2.25 1.47 2.20 
14 58.38 38.15 57.25 2.30 1.50 2.25 
15 59.53 38.92 58.43 2.34 1.53 2.30 
16 60.52 39.57 59A5 2.38 1.56 2.34 
17 61.39 40.14 60.32 2.42 1.58 2.37 
18 62.17 40.63 61.10 2.45 1.60 2.41 
19 62.89 41.08 61.81 2.48 1.62 2.43 
20 63.61 41.51 62.49 2.50 1.63 2.46 
21 64.35 41.93 63.17 2.53 1.65 2.49 
22 65.16 42.38 63.88 2.57 1.67 2.51 
23 66.06 42.87 64.66 2.60 1.69 2.55 
24 67.10 43.42 65.54 2.64 1.71 2.58 
25 68.32 44.06 66.56 2.69 1.73 2.62 
26 69.75 44.80 67.75 2.75 1.76 2.67 
27 71.43 45.68 69.14 2.81 1.80 2.72 
28 73.39 46.71 70.77 2.89 1.84 2.79 
29 75.68 47.92 72.66 2.98 1.89 2.86 
30 78.33 49.32 74.87 3.08 1.94 2.95 
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Table G-18. Calc~latedmorphologicalshell measurements ofQuadrula ~e/alleVra (Monkeyface) ofvarious ages from Reach 15 ofthe Upper 
Mississippi River, (a) 1994-95 and (b) 1987. Formulas used to calculate size at age are listed in Table G-4. 
(b) 1987 I Average size at age 
Age millimeters inches 
(yrs.) Length Width Height Length Width Height 
1 17.57 7.99 11.25 0.69 0.31 0.44 
2 23.90 12.22 17.69 0.94 0.48 0.70 
3 29.67 0 16.04 23.52 1.17 0.63 0.93 
4 34.92 19.50 28.78 1.37 0.77 1.]3 
5 39.68 22.59 33.50 1.56 00.89 1.32 
6 43.96 25.36 37.71 1.73 l.00 1.48 
7 47.81 27.81 41.45 1.88 1.09 1.63 
8 51.25 29.98 44.75 2.02 U8 1.76 
9 54.30 31.88 47.65 2.14 1.25 1.88 
10 57.01 33.53 50.18 2.24 1.32 1.98 
11 59.39 34.97 52.37 2.34 1.38 2.06 
12 61.47 36.20 54.25 2.42 1.43 2.14 
13 63.28 37.25 55.87 2.49 1.47 2.20 
14 64.86 38:15 57.25 2.55 1.50 2.25 
15 66.23 .38.92 58.43 2.61 1.53 2.30 
16 67.41 39.57 59.45 2.65 1.56 2.34 
17 68.45 40.14 60.32 2.69 1.58 2.37 
18 69.36 40.63 61.10 2.73 1.60 2.41 
19 70.17 41.08 61.81 2.76 1.62 2.43 
20 70.92 41.51 62.49 2.79 1.63 2.46 
21 71.63 41.93 63.17 2.82 1.65 2.49 
22 72.33 42.38 63.88 2.85 1.67 2.51 
23 73.05 o 42.87 64.66 2.88 1.69 2.55 
24 73.82 43.42 65.54 2.91 1.71 2.58 
25 74.67 44.06 66.56 2.94 1.73 2.62 
26 75.62 44.80 67.75 2.98 1.76 2.67 
27 76.70 045.68 69.14 3.02 1.80 2.72 
28 77.95 46.710 70.77 3.07 1.84 2.79 
29 79.39 47.92 72.66 3.13 1.89 2.86 
30 81.05 49.32 74.87 3.19 1.94 2.95 
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Part IV.
 
Growth curves for commercial mussel species from Reach 15
 




Figure G-l: Amblema plicata :. Threeridge G-23
 
Figure G-2: Megalonaias nervosa - Washboard G-24
 
Figure G-3: Quadrula quadrula - Mapleleaf G-25
 
Figure G-4: Quadrula pustulosa - Pimpleback G-26
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Figure G-l.	 Growth curves based on the average observed size at age (Table G-5) ofAmblema pliCala 
collected from Reach 15 of the Upper Mississippi Riverin (a) 1994-95 and (b) 1987. An 
growth curves were best described by a polynomial regression formula (Table G-4) 
Coefficient ofdetermination (r2) values for each growth curve are listed. Minimum commerci ai 
shell height (l1linois) and average age at sexual maturity (Table G-2) are also shown. 
• Length{r =0.9912); ·0· Height (r2 = 0.9898); -ai' Width (r2 = 0.9789)
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Growth curves based on the average observed size at age (Table G-6) ofMegalonaias nervosa 
collected from Reach 15 ofthe Upper Mississippi River in (a) 1994·95 and (b) 1987. All 
.growth ·curves were best described by a polynomial regression fonnula (Table 0.4). 
.'~.~ .. ,<~. Coefficient ofdefertnination (r2)valties for each growth curve are listed. Minimum commercial 
~ ,:;.~ ~ ..... . shell height (lllinois) and averag'eage at sexual maturity (TableG-2) are also shown. 
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Figure G-3. Growth curves based on the average observed size at age (Table G-7) of Qttadrula quadr1l1a 
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collected from Reach 15 of the Upper Mississippi River in (a) 1994~95 and (b) 1987. All 
growth curves were best described by a polynomial regression fonnula (Table G-4). 
Coefficient ofdetemlination (r2) values for each growth curve are listed. Mjnimum commercial 
shell height (lllinois) and average age at sexual maturity (Table G-2) are also shown. 
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Figure G-4. Growth cUlVes based on the average obserVed size at age (Table G-8) of Quadrula pustu!osa 
collected from Reach 15 of the Upper Mississippi River in (a) 1994-95 and (b) 1987. All 
growth cUlVes were best described by a polynomial regression formula (Table G-4). 
Coefficient ofdetermination (r2) values for each growth cUlVe are listed. Minimum commercial 
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Figure G-5. Growth curves based on the average observed size at age (Table Gw9) ofQuadrula metanevra 
collected from Reach 15 of the Upper Mississippi River in 1987. All growth curves were best 
described by a polynomial regression formula (Tabl~ G-4). Coefficient of determination (r2) 
values for each growth curve are listed. Minimum commercial shell height (Illinois) and average 
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Zebra Mussels (Dreissenapolymorpha) 




Zebra Mussels (Dreissena polymorpha)
 
Reach 15 of the Upper Mississippi River 
Table H-l : 
.,....; .. 
' .....-... Figure H-l : 
Table H-2 : 
Figure H~2 : 
Table B-3 : 
Table H-4 : 
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. Illiniwek study site (RM 492.4), 1994-95. 
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Illiniwek study site (RM 492.4),1994-95. . 
Zebra.mussel infestation of native unionids attwo sites in 
Reach 15-ofthe Upper Mississippi River, 1994-95. 
Zebra mussel infestation of native mussel species at Sylvan 
Slough study site (RM 485.8), 1994-95. 
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Table H-l. Summary of quantitative sampling for zebra mussels at three sites in Reach 15 of the Upper 
.. 
( Mississippi River, 1994-95. 
.. 
Quantitative Samples Zebra mussel density (#/m:l) 
Site / Date . No. Size (rnZ) Mean Std.Dev. Range 
.. 
Sylvan Slough (RM 485.8) 
.. 
( 
22 July 1994 72 0.25 0.6 1.4 0-4 
12 July 1995 12 0.625 426.0 263.3 56., 992 
Case-llI (RM 488.5) 
20 July 1994 50 0.25 1.2 2.9 0-12 
15 August 1994 22 0.25 34.2 33.8 0., 128 
Illiniwek (RM 492.4) 
22 July 1994 40 0.25 1.7 2.7 0-8 
17 August 1994 22 0.25 36.7 24.5 0-88 
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Figure H.,-l. Length frequency histograms ofzebra mussels collected at TIJiniwek site (RM 492.4) in 
Reach 15 of the Upper Mississippi River from July 1994 through September 1995. 
Data used to generate these histograms is presented in Table B-2. 
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Table H-2. Population size structure ofzebra mussels collected at IIIiniwek study site (RM 492.4) in Reach IS of the Upper 
Mississippi River between July 1994 and September ]995. 
Length 
Interval No. of zebra mussels / length interval 
Length 
Interval 
% ofzebra mussels / length interval 
(mm) (7/22/94) (8/17/94) (12/01/95) (7/10/95) (9/26/95) (mm) (7/22/94) (8/J7/94) (12/01/95) (7/10/95) (9/26/95) 
t 0 0 0 0 0 1 0.00 0.00 0.00 0.00 0.00 
2 0 0 1 0 0 2 0.00 0.00 0.58 0.00 0.00 
3 0 0 1 0 0 3 0.00 0.00 0.58 0.00 0.00 
4 0 0 3 0 5 4 0.00 0.00 1.75 0.00 0.74 
5 0 0 1 0 6 5 0.00 0.00 0.58 0.00 0.88 
6 0 0 1 0 17 6 0.00 0.00 0.58 0.00 2.50 
7 0 2 2 0 41 7 0.00 0.99 1.17 0.00 6.03 
8 5 3 2 1 ·58 S 29.41 1.49 1.17 0.37 8.53 
9 1 5 3 0 65 9 5.88 2.48 1.75 0.00 9.56 
]0 4 17 1 0 91 ]0 23.53 8.42 0.58 0.00 13.38 
11 0 33 3 6 85 11 0.00 16.34 1.75 2.21 12.50 
12 0 44 3 12 48 12 0.00 21.78 1.75 4.43 7.06 
]3 0 36 5 38 15 13 0.00 17.82 2.92 14.02 2.21 
14 0 35 I 56 20 14 0.00 17.33 0.58 20.66 2.94 
15 0 14 1 56 24 15 0.00 6.93 0.58 20.66 3.53 
16 0 5 2 36 57 ]6 0.00 2.48 1.17 13.28 8.38 
]7 2 3 14 24 60 17 1l.76 1.49 8.19 8.86 8.82 
18 
-
. I 1 ]6 11 34 18 5.88 0.50 9.36 4.06 5.00 
]9 0 0 19 7 24 19 0.00 0.00 11.11 2.58 3.53 
20 1 0 19 2 11 20 5.88 0.00 11.11 0.74 1.62 
21 1 0 28 1 4 21 5.88 0.00 16.37 0.37 0.59 
22 0 1 26 2 0 22 0.00 ·0.50 15.20 0.74 0.00 
23 . 1 0 11 1 0 23 5.88 0.00 6.43 0.37 0.00 
24 0 0 7 2 1 24 0.00 0.00 4.09 0.74 0.15 
25 0 1 1 4 2 25 0.00 0.50 0.58 1.48 0.29 
26 0 0 0 3 2 26 0.00 0.00 0.00 1.11 0.29 
27 0 0 0 3 4 27 0.00 0.00 0.00 1.11 0.59 
28 0 0 0 2 2 28 0.00 0.00 0.00 0.74 0.29 
29 1 0 0 1 4 29 5.88 0.00 0.00 0.37 0.59 
30 0 0 0 2 0 30 0.00 0.00 0.00 0.74 0.00 
31 0 I 0 1 0 31 0.00 0.50 0.00 0.37 0.00 
32 0 I 0 0 0 32 0.00 0.50 0.00 0.00 0.00 
33 0 0 0 0 0 33 0.00 0.00 0.00 0.00 0.00 
34 0 0 0 0 0 34 0.00 0.00 0.00 ·0.00 0.00 
35 0 0 0 0 0 35 0.00 0.00 0.00 0.00 0.00 
Totals 17 202 171 271 680 Totals 100 100 100 100 100 
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Figure H-2. Zebra mussel infestation of native unionids at two sites in Reach 15 of the Upper 
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Mississippi River from July 1994 through September 1995. (a) % Infestation refers to 
the number of unionids with one or more attached zebra mussels, (b) Degree of 
Infestation refers to the number of attached zebra mussels on each unionid. 
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Table 8-3. ,Zebra mussel infestation of native mussel species at the Sylvan Slough site (RM 485.8) in Reach 15 ofthe Upper 
Mississippi River on three sample dates between July 1994 and September 1995. 
Degree of Infestation 
(no. of zebra mussels/unionid) 
Unionids processed % Infestation July' 94 July '95 Sept. '95 
Species July'94 July'95 Sept. '95 July'94 July'95 Sept. '95 avg. max avg. max avg. max 
; 
I. Actinonaias /igamentina 2 I a 0.0 0.0 0.0 0.00 0 0.00 0 0.00 0 
2. Amb/ema plicata 57 32 17 1.75 78.1 52.9 0.02 I 2.62 ]5 1.32 5 
3. Arcidens confragosus 2 a a 0.0 0.0 0.0 0.00 0 0.00 a 0.00 0 
4. E/lipsaria lineolata 128 60 30 0.78 43.3 43.3 0.01 I 0.75 5 1.27 9 
5. Fusconaiajlava I I I 0.0 0.0 ]00.0 0.00 a 0.00 a 2.00 2 
6. Lampsilis cardium 4 3 I 0.0 0.0 ]00.0 0.00 0 0.00 a 0.00 12 
7. Lampsi/is higginsi 2 I a 0.0 0.0 0.0 0.00 a 0.00 a 0.00 0 
8. Leptodeafragilis 35 15 5 0.0 13.3 20.0 0.00 0 0.53 6 0.20 I 
9. Ligumia recta 6 I 4 0.0 0.0 75.0 0.00 0 0.00 a 3.50 12 
10. Mega/onaias nervosa 58 6 2 1.72 66.7 50.0 0.02 I 2.76 4 4.50 9 
II. Obliquaria rejlexa 73 35 21 0.0 68.6 28.6 0.00 0 1.64 6 0.57 3 
12. Obovaria olivaria I a 0 0.0 0.0 0.0 0.00 0 0.00 a 0.00 0 
13. P/ethobasus cyphyus 6 3 I 0.0 66.7 0.0 0.00 a 4.33 10 0.00 a 
14. Potamilus a/atus 4 a a 0.0 0.0 0.0 0.00 a 0.00 a 0.00 0 
15. Pyganodon grandis 2 1 a 0.0 100.0 0.0 0.00 a 1.00 I 0.00 a 
16. Quadru/a metanevra no 12 20 0.91 58.3 50.0 0.01 1 1.75 4 2.70 13 
17. Quadrula nodulata 5 3 1 0.0 33.3 0.0 0.00 0 3.33 10 0.00 0 
18. Quadrula pustulosa 251 135 83 0.40 41.5 43.4 0.00 1 0.79 8 1.32 22 
19. Quadru/a quadru/a 23 28 9 0.0 82.1 44.4 0.00 0 3.04 11 1.67 5 
20. Strophitus undulatus a 1 a 0.0 100.0 0.0 0.00 0 1.00 1 0.00 0 
21. Truncilla donaciformis 42 83 16 0.0 1.2 6.3 0.00 0 0.01 1 0.05 I 
22. Truncilla truncata 137 92 55 0.0 39.1 38.2 0.00 0 0.90 6 1.07 a 
23. Utterhackia imbecillis 2 4 I 0.0 0.0 0.0 0.00 a 0.00 a 0.00 a 
Totals 951 517 267 0.5 40.8 40.1 0.01 1 1.03 15 1.29 22 
Species 22 20 16 
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Table H-4. Zebra mussel infestation of native mussel species at the IIIiniwek site (RM 492.4) in Reach 15 of the Upper Mississippi 
River on five sample dates between July 1994 and September 1995. 
Species 
1. Actinonaias ligamentina 
2. Amblema plicata 
3. Arcidens conjragosus 
4. Cumberlandia monodonta 
5. Ellipsaria lineolata 
6. Fusconaia flava 
7. Lampsi/is cardium 
8. Lampsi/is higginsi 
9. Lasmigona complanata 
10. Leptodeajragilis 
11. Ligumia recta 
12. Mega/onaias nervosa 
13. Obliquaria reflexa 
14. Obovaria o/ivaria 
J5. Potami/us a/a/us 
16. Potami/us ohiensis 
17. Pyganodon grandis 
18. Quadru/a metanevra 
19. Quadru/a nodu/ala 
20. Quadru/a puslulosa . 
2 I. Quadrula quadru/a 
22. Strophitus undulatus 
23. Truncilla donaciformis 
24. Truncilla truncata 




July Aug. Dec. July Sept 
'94 '94 '94 '95 '95 
0 0 1 3 0 
137 60 40 53 37 
2 1 0 2 0 
1 0 a 0 0 
452 184 132 197 169 
5 5 2 3 2 
4 5 5 6 3 
1 1 0 1 I 
4 0 1 0 0 
32 24 -5 34 20 
3 0 3 3 0 
34 17 9 17 6 
130 72 24 36 31 
1 0 0 2 1 
5 2 1 I I 
0 I a a 0 
2 3 I 9 ·1 
5 3 0 0 0 
0 a 0 I I 
226 84 63 87 43 
II 6 9 14 6: 
1 0 2 1 3 
8 4 1 12 5 
452 213 1I5 166 199 
0 0 1 9 5 
1516 685 415 657 534 
. 21 17 18 21 18 
% Infestation 
July Aug. Dec. July Sept 
'94 '94 '94 '95 '95 
0.0 0.0 0.0 100.0 0.0 
0.0 0.1 . 25.0 69.8 64.9 
0.0 0.0 0.0 100.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 15.2 47.7 50.9 
0.0 O.b 0.0 66.7 50.0 
0.0 0.0 0.0 33.3 66.7 
0.0 0.0 0.0 0.0 100.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 17.6 0.0 
0.0 0.0 33.3 0.0 0.0 
0.0 0.0 22.2 52.9 83.3 
0.0 0.0 8.3 63.9 54.8 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 88.9 100.0 
0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 100.0 
0.0 0.0 22.2 49.4 53.5 
. 0.0 0.0 22.2 71.4 100.0 
0.0 0.0 0.0 100.0 100.0 
0.0 0.0 0.0 0.0 20.0 
0.2 0.0 7.0 43.4 45.2 
0.0 0.0 0.0 0.0 0.0 




(no. of zebra mussels/unionid)
 
July '94 Aug. '94 Dec. '94 July '95 Sept '95 
avg. max avg. max avg. max avg. max avg. max 
0.00 0 0.00 0 0.00 0 1.67 3 0.00 0 
0.00 0 0.20 6 . 0.33 3. 2.13 15 5.00 23 
0.00 0 0.00 0 0:00 0 6.00 7 0.00 0 
0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 
0.00 0 0.10 4 0.15 1 1.07 12 2.06 21 
0.00 0 0.00 0 0.00 0 2.67 5 1.00 2 
0.00 0 0.00 0 0.00 0 0.67 3 1.33 2 
0.00 0 0.00 0 0.00 0 0.00 0 0.00 5 
0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 
0.00 6 0.00 0 0.00 0 0.30 4 0.00 '0 
0.00 0 0.00 0 0.67 2 0.00 0 0.00 0 
0.00 0 0.00 0 0.33 2 1.76 II 6.50 13 
0.00 0 0.00 0 0.08 I 1.51 10 1.77 12 
0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 
0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 
0.00 0 0.00 0 0.00.0 0.00 0 0.00 0 
0.00 0 0.00 0 0.00 0 7.33 15 0.00 24 
O~OO 0 0.00 0 0.00 0 0.00 0 0.00 0 
.0.00 0 0.00 0 0.00 o . 0.00 0 0.00 I 
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